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Attendarce for the 7th Symposium was gratifying, with
a total of 298 registrants representing 25 Countries. The
majority (65%) were from Countrles other than the U.S.A.

The Program featured state of the art reviews by
eminent authoritics, followed by shorter research papers
selected by the Symposium Governing Board from submitted
mini-papers. In response to the Call for Papers more than
100 contributions were veceived, of which 46 were salected
for oral presentations in symposia and 37 were programmed
as poster presentations. Symposia included the following
topics:

Oxygen Toxiclty

Oxygen Sufficiency and Utilizatlon Within the Cell
Metabolism and Thermal Physivlogy

Molecular and Cellular Effects of Hydrostatic Pressure
High Pressure Nervous Syndrome

Cardio-Respiratory Responses to Exercisc

Inert Gas Exchange and Decompression

Health Hazards

Butbara C. Nichols, Sympasivmn Manager
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There appeared to be a broad consensus that the return
to presentations of intensive current status reviews
produced some unusually fine papers, and that the 7th
Symposium was a professfonally rewarding experience,

A copy of the Program, Abstracts and Mini Papers
booklet 1s enclosed which will serve as the final technical

report for the symposium.
‘ A2 J I
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RV
i

ym m Chafrman

J




2}
\\f
o
B .
P )
[
fv
p.
I
i
B
‘i
|
<
L.
o
N
.
.
"l
i
"
)
e
b
e
i
h
J
d

7TH

SYMPOSIUM
ON

UNDERWATER
PHYSIOLOGY

UNDERSEA MEDICAL SOCIETY ANNUAL SCIENTIFIC MEETING
EUROPFAN UNDERSEA BIOMEDICAL SOCIETY ANNUAL MEETING

A Satellite of the XXVIIl International
Coungress of Physiological Sciences

July 5-10, 1880
Athens I-‘IIton
Athens, Greece

"b ‘," A
Py
LW ]

PROGRAM, ABSTRACTS, AND MINI-PAPERS

Sl ‘U_,f




TN, T S i e e
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GENERAL INFORMATION

REGISTRATION AND INFORMATION
Athenian Lobby, Athens Hilton

Hours:

Saturday, SJUlY ... oo e 1200 - 1800
Sunday, 6July ... v i e, 0800 - 1700
Monday, and Tuesday, 7-8July................... 0830 - 1700
Wednesday, 9July......oooviviiiiniinn i, 0830 - (300
Thursday, 10July. oo oo viviiiiii i, 0830 - 1700

For information of any kind, consult the Symposium Reglstra-
tion/Information Desk.

Notices about Symposium events will be posted on bulletin
boards near the Information Desk,

SECRETARIAT
Symposium and UMS staff will be available at the Information
Desk in the Athenian Lobby throughout the hours shown above,

MESSAGES

Those who wish to leave messages for registrants during the above
hours should ask the hotel operator (Athens Hilton telephone
number: 720-201) for the 7th Synmiposium Information Desk,
Athenian Lobby. Messages will be posted on the bulletin board
adjacent to the Information Desk.

BANQUET AND LUNCHEON TICKETS
Available ut the Registration/Information Desk, Athenian Lobby,

AN EVENING IN PIRAEUS

The Symposium Banguet witl be held at the Nationad Yacht Club
of Greeee in Plracus on 8 July, "Fhe Club s on o pronmontosy
overlooking the Acgean, in Turkilimana (Bay of "Turks), and
Athens (tenintles away) can be seen From the deck where cacktuils
will be served, The Acropolis, Tighted in the summer, adds 1o e
spectaeulnr view, Dinner (Fish, Veal Jurdinier, Greek Salad, and
unlimbted servive of Achain Clausy Rose Wine) and entertadiniment
follow,

Tickets are 1260 Drachmays per person and musi be purchased by
1800 Hours on Sunday, 6 July.

The price Includdes cocktalls, dinner, wine, entertainment, and
transportation to and from the Hilton, with a tour thraugh the an-
cient harbor en route

UMS LUNCHEON

The Undersea Medienl Society Aunual Business Mecting, presen
tntlon of awards and the Sazanne Kronheim Memorial Lecture,
will take place during o luncheon on 9 July, at the Athens Hilion
Huotel,
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Tickets are 300 Drachmas per person and must be purchased by
1200 Hours on Monday, 7 July,

VISITOR INFORMATION

Information on Athens attractions, museums and tours ls
available at the Symposium Registration/Information Desk,
Athenian Lobby,

CURRENCY EXCHANGE

Exchange of foreign currencies may be made at the lonian and
Popular Bank of Greece, located off the main lobby of the
Athens Hilton Hotel,

AIRLINE RESERVATIONS

Several of the major airlines have offices in the Athens Hilton,
DO NOT FORGET TO RECONFIRM YOUR RETURN
FLIGHT.

HOTEL DINING AND LOUNGE FACILITIES

The Athens Hilton facilities include the Trattoria, an ltalian
specialties restaurant; the Taverna Ta Nissia, a tavern following
the Greek style; a Roof Top Supper Club overlooking the
Acropolis; the Pan Plano Bar; and the Byzantine Coffee Shop
which iy open 24 hours daily, The Coffee Shop s extremely busy
and, accordingly, the service can be rather slow so allow sufficlent
time in your schedule if you intend to breakfust in the hotel,

SYMPOSIUM PROCEEDINGS

The PROCEEDINGS of the 7th Symposium will be published
shortly after the meeting. If you wish to be included on the mail-
ing list to recieve order forms for the PROCEEDINGS when
avallable, please leave your name and address at the Registra.
tion/Information Desk,

CONTINUING MEDICAL EDUCATION CREDITS

The program of the 7th Symposium, including the Undersea
Medical Society and European Undersea Medical Society ses-
slons, has been certified for one CME hour credit for each hour
of scientific se.sions attended, Certification forms are available at
the Symposium Registration/Information Desk, Athenian Lob-
by.
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PROGRAM

SATURDAY, b JULY

REGISTRATION AND INFORMATION - Athenian Foyer
1200 to 1800 Hours

SUNDAY, 6 JULY

REGISTRATION AND INFORMATION - Athenian Foyer
0800 to 1700 Hours

UNDERSEA MEDICAL SOCIETY ANNUAL
SCIENTIFIC MEETING

WELCOME AND OPENING REMARKS
0815 - Terpsichore Ballroom

JEFFERSON C. DAVIS, President, Undersea Medical
Society

SESSION 1

DECOMPRESSION — ‘lerpsichore Balltoom
Co-Chairmen: H, V. HEMPLEMAN and B, G, D'AOUST

0830 Evaluation of different  decompression  schedules by
agarose gel bubble, Y. MANO, M, SHIBAYAMA and H.
MAEDA

0845 The development and testing of high altitude diving tubles
using extrapolated U.S. Navy critical tissue pressure
criteria, R, L, BELL, A. C, THOMPSON and R. E,
BORGWARDT

0900  Non-Haldunlan  decompression  schedules, T, D,
KUNKLE;, E, L. BECKMAN and B. E, YOUNT

915 The pertfusion/ ditfusion dilemma: resolution and cluritica-
tlon by lsobarle gus switching,. B G. D'AOUST, C.
YOUNG, R, WHITE, and R. DUNFORD

0930 Pitfulls in the dingnosis of dysbarie osteonecrosts and the
significance of suspected lesions, J. K. DAVIDSON, W, P,
TROWBRIDGE und D. N. WALDER

0945 Seuba diving in pregnaney. J. H, G. RANKIN, E. N, LAN.
PHIER, M. K. STOCK und D. ¥, ANDERSON

SESSION 2

POSTER PRESENTATIONS — Nectar/Ambirosin Room
08301200 (Coffee with the authors 1000-10.30.)

Bourd #

1 Treatment of cardiovascular dystunction resulting from
cerebtal alr embolism, D, E. EVANS, A. 1. KOBRINE,
E. T. FLYNN and M. E, BRADLEY

9

10

Neurophysiological and biochemical studies in Hg-N2-01
atmosphere at 11 ATA, 1, STOILOVA, V., KOLEV, 1
DOSSEVA, L. VENKOV, Ts, TENCHEVA, A.
DISHELOY and A. VARBANOVA

Visceral  malformations, resorptions, and  birthweight
amony fetal rats exposed to alr at increased dtmospherle
pressure, M. E. BOLTON und A. L. ALAMO

Brainstem evoked potentinl changes assoclated with varia.
tlons in middle-car pressure, B, M, CLOPTON und J, M.
MILLER

Analysis of medical reasons for withdrawing medical cer
tification of fitness in commercial divers in the UK, W, A,
CROSBIE

Modeling, measurements, and moments of Inert gas ex-
chunge, P. K. WEATHERSBY and L. D, HOMER

‘The etteets of cold stress on venous gas bubble production
in man following a no-decorspression dive, R, DUNFORD
and J, HAYWARD

Stze distribution of Intravascular bubbles induced by
decompression, Be D, BUTLER, B. A. HILLS und T. E,
SUTTON

Thermal effeets  of  recompressed  bubbles, R, G.
BUCKLES, M. E. COX und J. B, ECKENHOFF

Results of validation testing  of  flying-after-diving
schedules, B, E. BASSETT

At annlysis of the effects thot hyperbarie oxygen has upon
pressure reduction tolerances in rats und humans, D, E,
YOUNT and D, A, LALLY

Physicochemical properties of the nonlonie surfactanty
surrounding gas cavitatton nuelel {microbubbles), 1, S,
D'ARRIGO

SESSION 3

HYDROSTATIC PRESSURE - Tuerpsichore Bulitoom
Co-Chairmen: J, €. ROSTAIN und P, B, BENNETT

1030

1045

LY

1118

130

1145

Acute injection of phenytoln and long lateney evoked
potentials in guinen pigs under high pressure helium,
P. G, KAUFMANN, J. C. FARMER, JR. and F. G.
HEMPEL '
Evaluated microvibration on cat under the compression ef-
teet to 51 ATA (He-N,-0,). K. SEKI, H, NAKAYAMA
and M. MATSUDA

H.PNLS, in human during 38 howes compression to 450m
with N, injections, J. C. ROSTAIN, B. GARDETTE,
M. C, GARDETTE-CHAUFFOUR and R. NAQUET

Diszepam under hyperbaric conditions in rats, L, GRAN,
R. COGGIN and P. B, BENNETT

Changes in red cell membrane enzymes in man during
simulated dives of up to 55 bar in helium-oxygen, 3. A,
PACIOREK and R. F. CARLYLE

The effect of hydrostatie pressure on enzymes involved in
the  oxygen  metabolism,  E. MORILD and J, E,
OLMHEIM
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SESSION 4

OXYGEN [ - Terpsichore Ballroom
Co-Chairmen: Y. G, ZORBAS and M. D. FAIMAN

1500  The eftect of hyperbaric oxygen inhalation upon the
ultrastructure of the lung alveoli. T, K, AKERS

1515  Alterations In oxidative metabolism during recovery from
pulmonary oxygen toxicity, W. D. CURRIE, P. C,
PRATT and A. P, SANDERS

1830  On the influence of exogenous and endogenous substrate
accumulation on drug induces variations in glutamie ucid
decarboxylase aciivity prior to oxygen high pressure ex-
posure. B, E, SEGERBO

1545  Oxygen convulsions in mice. Influence of nitrogen admix-
ture. N. BARTELSON, 0. CRIBORN and A, MUREN

1600 Hop-induced cerebral vasoconstriction, its ontribution to
CNS-toxicity kinetics, B, BLEIBERG, A. LANIR and D.
KEREM

1615 Tolerance of mice to pulmunary oxygen toxicity, A.
LANIR, D. KEREM and D, GERSHON

1630  CNS and pulmonory oxygen toxicity during intermittent
exposure to hyperbaric oxygen and air, D. KEREM, C.
BITTERMAN and B, BLEIBERG

SESSION 5

POSTER PRESENTATIONS — Nectar/Ambrosla Room
1500-1900 (Coftee with the authors 1645-1718)
Board #

1 Stress and mental performance under water, P, G. Av M,
JORNA :

2 Noninvasive continuous monitoring of diver pulmonary
performance, M. J, ACKERMAN

3 Hydrostatle pressure: Its effects on cellular membrane jon
transport, W. R, GALEY, P, 8. VAN NICE and C. V,
BEATO

4 The vffects of prone immersion on lung tunction, L
DASKALOVIC, A. HASHIMOTO, E. H. LANPHIER
and W. G, REDDAN

3 Thoracic shape, lung volume and disphragmatic contrae-
tion during, Immersion. V<D, MINH and G. F, DOLAN

6 Blood metabolites in resting and exercising rats at various
partiul pressures of nitrogen und oxygen, R, de G. HAN-
SON, R, M, GRAY, P, SMYTHE und X. G. M. M,
ALBERTI

B Emergeticy thermal protection for saturation diving,
G. H. EGSTROM und A, DICHARO

9 Heat stress duting dives In warm water. 1. HOLMER andl
G. KIHLSTROM

10 Effect of body temperature and composition on recovery
from hypothermia, J, B, MORRISON, J, §. HAYWARD
und M, L. CONN

11 An eleciromyographic study of shiver in immersed human
subjects. P. A, IALZZ0, R. W. PETRY and R. 8. POZ0S

12 An analysls of emergency healing requirements for person-
nel transfer cupsules, E. H. WISSLER

6

SESSION 6

OXYGEN II — ‘Terpsichore Ballroom
Co-Chairmen: B, KINDWALL und D, ELLIOTT

1715 Induction of eytochrome P-450 by hypoxia and hyperoxis
in vivo and in vitro, H, A. ROWE, S. F, GOTTLIEB und
1. S, LONGMUIR

1730 Hydrogen oxygen exposure of rabbits ut 30 ATA with
multiday survival, H. E. ORNHAGEN, C. E. G, LUND-.
GREN und A. MUREN

1745 Effect of normobaric and hyperbaric oxygen on cyanide in-
toxication, T. TAKANO, Y. MIYAZAKI, 1.
NASHIMOTO and K. KOBAYASHI

1800  Hyperbarie oxygenation: Tissue oxygen characteristies In
chronle, soft tissue wounds, P. J, SHEFFIELD

1815 Adrencrgic und cardiopulmonary responses to exerclse
with air and helium-oxygen at 1 ATA, E, T. FLYNN, D,
E. EVANS, K. M. GREENE, D, C, LeGRYS und R. P,
LAYTON

1830 Diferentinl performance behuviot after a 40-hour com.
pression to 450 MSW, €. LEMAIRE

1845  Influence of exerclse on ventilntary capacity at depth. A,
PASCHE und C. LUNDGREN

TTH SYMPOSIUM OPENING RECEPTION
2030 Hours - Pool Area
HOSTEDN BY THE GREEK GOVERNMENT

MONDAY, 7 JULY

REGISTRATION AND INFORMATION - Athenian Foyer
0830 to 1700 Hours

TTH SYMPOSIUM ON UNDERWATER PHYSIOLOGY

WELCOMING REMARKS
0830 Hours - Terpsichore Ballroom

A J. BACHliACH. Sympusinm Chairstan

C. 1. LAMBERTSEN, University of Pennsylvania Medival Corter
S. G, ALIVISATOS, University of Athens

S. MARKETOS, Secrvtary Geaeral, Minisiry of Social Sepvices

'
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SESSION 7

OXYGEN TOXICITY — Terpsichore Ballroom
Chuairman: B, SALTZMAN; Co-Chairman: M. W. RADOMSKI
Rapportenr. A, B, FISHER

0900  Review: Current concepts of oxygen toxicity. J. CLARK

0930  Mechanism(s) of central oxygen toxicity: A re-evaluation,
M. D. FAIMAN, R, J. NOLAN, D, E, DODD, J. M,
WAECHTER, R. C, DIRKS, K. HAYA and J. A,
ZEMPEL

0950  The central role of ammonia in OHP induced convulsions,
E. W. BANISTER and A. K, SINGH

1010 Coffee and Poster Presentations

1040  Changes in cell volume following hyperbaric exposure: A
manifestation of oxygen toxlcity, J. POOLEY and D. N,
WALDER

1100 Lung ATP turnover during oxldant stress, A, B, FISHER

1120 Protection from pulmonary oxygen toxieity by treatment
with low doses of bacteriul endotoxin, L, FRANK, M.J.
CHIANG and D, MASSARO

1140 Evolution of pulmonury diffusing cupacity after deep
satutation dive with high O, level during decompression,
R. H, HYACINTHE and B, BROUSSOLLE

SPECIAL FILM
1200 Hours - Terpsichore Ballroom
The Duke 650 Meter Dive, P, B, BENNETT

POSTER PRESENTATIONS — Nectar/Ambrosia Room
0900- 1200

SESSION 8
PSYCHOMOTOR PERFORMANCE AND HIGH PRESSURE
NERYQUS SYNDROME
Board #
2 A theory of inert gas narcosis, B. FOWLER
3 Assessment of the high pressure neurological syndrome
(HPNS): A new method of measuring tremor in an animal

model, J. A, BAKER, M. J. HALSEY, B, WARDLEY.
SMITH und R. T. WLOCH

4 Genetics of variability in susceptibility to HPNS Type 1
selzures In mice, Ro Do MeCALL und D, FRIERSON, JR.

5 Criterla analysis of seleetion for deep diving (EEG and per-
tormance). J. C. ROSTAIN, C. LEMAIRE, M. C,
GARDETTE.CHAUFFOUR, S. DOUCET and R, NA-
QUET

6 Muditication of glectrophysiological sleep under the hyper.
buarie environment (JIATA, HeN,-O,, M days, J divers),
K. SEKI, H. NAKAYAMA und M. MATSUDA

SESSIONY

CARDIO-RESPIRATORY EFFECTS

Bourd ¥
7 Inertance as o Factor in uneven ventilation in diving. J. R,
CLARKE, M. A, FISHER and M. }. JAEGER

8 The arrhythmogenie potency of hydrostatic pressure on
curdiae conduction. T, §. DOUBT and P. M. HOGAN

7
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9 The eftect of alcohol on the eardiovascular adjustments of
the dive reflex in man. L. E, WITTMERS, JR,,
L. FAIRBANKS, S. BURGSTAHLER and R, 8. POZOS

10 Pulmenary function in divers. M, CIMSIT und V., FLOOK

1 Regulution and frequency of heart rate during opon-se
saturation diving, $. M, GOSOVIC and A. I. RADOVI

12 Influence of the inspiratory effurt and swallowing on the
cardiovaseular response to simulated diving and breath-
holding, T, F. HUANG und C, T. PENG

13 Ventilation, pattern  of  breathing and  wctivity  of
tespitatory muscles in awake eats during oxygen-helium
simulated dives, G, IMBERT, Y. JAMMES, N, NARAK]I,
J, C. DUFLOT, M. HUGON snd C. GRIMAUD

14 Physlologieal responses (o immersion at 31 ATA
(Seadrugon 1V), M, MATSUDA, S8, K, HONG, H.
NAKAYAMA, H, ARITA, Y. C. LIN, J. CLAYBAUGH,
C. LUNDGREN and R. M, SMITH

15 The effect of water temperature on vital capaclty during
head-out immersion, D, I. KURSS, C. E. G. LUND:
GREN und A, J, PASCHE

SESSION 10

OXYGEN SUFFICIEN:JY AND UTILIZATION WITHIN THE
CELL ~ Terpsichore Ballroom

Chairman: A, KOVACHs Co-Chairman: J, C. DAVIS
Rupporteur: L. A, KIESOW

1500  Review: Current concepts of oxygen sufficiency and utilizn.
tion within the cell, F. F, JOBSIS

1530 Use of nortle budy and earotid body chemoreceptors us in-
ternal probes to monitar tissue oxygenation. S, LAHIRI

1850  Heterogenelty of capillary distdbution and capillary cir-
culation in mammalian skeleta) museles, E. M, RENKIN,
$. D. GRAY, L. R, DODD und B. D, LIA

1610 Retinal oximetry with hypereapnia and hyperbarie oxygen,
F. G. HEMPEL, S, R. BURNS and H. A, SALTZMAN

1630 A mechanism for the beneficial etfect of hyperbaric oxygen
on staphylocoeenl osteomyelitis, 3. T, MADER and G. L.
BROWN

1650  Coffee and Poster Presentatlons

SESSION 11

METABOLISM AND THERMAL PHYSIOLOGY - Turp-
sichure Balltoom

Chuirmam: K, BONDY, Co-Chairmun: M. MATSUDA
Rapporteur: G, EGSTROM

1720 Review: Current concepts of metabolism and thermal
physiology, P, WEBB

1750 An analysis of heat stress under hyperbarle conditions,
K. R. BONDI

1810 Contribution of metabolle and respiratory heat o core
temperature gain after cold water tmmersion, M, L,
CONN, P. A. HAYES and J, B, MORRISON

1830 'The metabolic and  thermal status o divers during
simulated dives to 85 bhar, M. P, GARRARD, P. A,
HAYES, R, F, CARLYLE and M, J. STOCK

B et = A N )




POSTER PRESENTATIONS — Nectar/ Ambrosin Room
1500-1300

SESSION 12

MOLECULAR AND CELLULAR EFFECTS OF HYDRO-
STATIC PRESSURE

Bourd #

| A study of the specific action of “per se hydrostatie
pressure on fish consideted as a physiologlenl model, L.
BARTHELEMY, A. BELAUD and A, SALIOU

2 Osmotic fragility of erythrocytes: Effects of hydrostatie
pressure uad pentanol. A, Co HALL and A, G. MAC-
DONALD

3 A mathematical analysis of high pressure und anaesthetic
effects, M, J. HALSEY, A, F. MOTT, C. C, SPICER and
B. WARDLEY-SMITH

4 Contrasting actions of hydrostatic pressure and helium
pressure an growth of saccharomyces cerevisive. S. R.
THOM and R. E, MARQUIS

S Effects of different normoxic hyperbarie exposures on

glucose, luctate and glycogene brain concentrations, T,
OBRENOVITCH and F, BRUE

6 'Toxic effects of oxygen on the functions of pulmonary
cytochrome P-450. G, H, GURTNER, A, SYBERT, A.
KNOBLAUCH, N, BRENNEN, M, PEAKE and J, T.
SYLVES1ER

SESSION 13

INERT GAS EXCHANGE AND DECOMPRESSION
Board #

7 Study on definition of maximum permissible gas flow in
lungs during decomyjression. J. PARC and J, LE
CHUITON

8  Evaluation of decompression tables by o model daseribing
bubble dynamies in ¢ -sue, S. MEISEL, Y. TALMON and
D. KEREM

9 Computer simulation of ditfusive gas mixing in the lung at
10 ATA. H, . VAN LIEW

10 Some recent experiments on bubble formation in supet-
saturated gelatin, D. E. YOUNT, C. M, YEUNG and T.
D. KUNKLE

SESSION 14

HEALTH HAZARDS
Bourd ¥

1 Microblologleal studies on acute otitis externa in satura-
tion divers. S. R, ALCOCK

12 An epidemiological study of fatal diving accidents in two
commercial diving populations, M. E, BRADLEY

13 Drug therapy of decompression sickness, B. BROUS-
SOLLE

14 Decompression sickness in commercial diving population,
M. R. CROSS :und L. A. BOOTH

15 Ao evaluation of cardiopulmonary resuscitation tech-
nigues for use in a diving bell. R MYERS and M, E,
BRADLEY
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SESSION 15

MOLECULAR AND CELLULAR EFFECTS OF HYDRO-
STATIC PRESSURE - Terpsichore Ballroom

Chuirmun: L. BARTHELEMY Co-Chairman: M, J. HALSEY
Rapportenr: A, G, MACDONALD

0915 Review: Current concepts of molecular and cellular eftects
of hydrostatic pressure. A. G. MACDONALD

0945 Effects of hyperbaric conditions on the multiplication of
Echo 11 Herpes Simplex Virus (Type { and Type 2) in
tissue culture, C, CHASTEL, L. BARTHELEMY, A,
BELAUD und A, MICHAUD

1005  Effect of hydrostatic pressure on active transport,
metabollsm and the Donnan equilibrlum in human
erythrocytes, J. M. GOLDINGER, B. §. KANG, R. A,
MORIN, C. V. PAGANELLI and 8, K. HONG

1030  Coffee

1100 Effects of high hydrostatic pressures on Nat (ransports
across isolated gitl epithelium of sen water acclimated cels
Anguilly anguilla, A, J. R, PEQUEUX

1120 A quantitative deseription of pressure-induced alterations
in donie channels of the squid glant axon. B, B,
Slé%erASTAV. J. L. PARMENTIER and P, B, BEN.
N

1140 ‘T'ransient versus steady state effects of high hydrostatie
pressute. K. T, WANN, A. G, MACDONALD, A. A,
HARPER and M, L. J, ASHFORD

1200 'T'he effects of high pressures of inert gases on cholinergic
receptor binding and function, J. F. SAUTER, L.
BRASWELL, P, WANKOWICZ and K. W. MILLER

SESSION 16

HIGH PRESSURE NERVOUS SYNDROME
Chairman: R NAQUET Cu-Chairman: J. VOROSMARTI
Rapporieur: D. MILLAR

1500  Review: Current concepts of high pressure nervous syn-
drome. J. HALLENBECK

1530 ‘The effects of general anaesthetivs on post-synaptic
responses, H, J. LITTLE and W, D. M, PATON

1550  Pharmacological investigation of the high  pressure
neurological syndrome: Brain monoamine concentrations,
S. DANIELS, A. R. GREEN, D. D. KOBLIN, R. G.
LISTER, H. J. LITTLE, W. D. M. PATON and E. B.
SMITH

1610 Prevention of HPNS: The possible use of structuralisomers
of anaestheties, B, WARDLEY.SMITH and M. .
HALSEY

1630 Rapid compression with trimix (He-N,-O,). P. B, BEN-
NETT, R. COGGIN, J. ROBY and J. N. MILLER

1650 Coffee and Poster Presentations

1720 The effect of high pressure on cooperative lipid- protein in-
teractions, H.-J. GALLA and J. R. TRUDELL

1740 Currents in a voltage-clamped vertebrate neuron at hyper-
baric pressure. J. J. KENDIG




(Session 16 Continued)

1800  Ditterential effects of pressure on the mammalian central
nervous system. P. G. KAUFMANN, P. B. BENNETT
and J. C. FARMER, JR.

1820 Somatic evoked potentinls in monkey during saturation
dives (He.O, and He:N,-O,). M, HUGON, K. SEKI,
L. FAGNI and J. C. ROSTAIN

1840  Ditterentiation of the two components of the convulsion
stage of the HPNS in vertebrates, R, W. BRAUER, R. W,
BEAVER, H. W. GILLEN, W. M, MANSFIELD, JR.
and R, D, McCALL

POSTER PRESENTATIONS — Nectar/Ambrosia Room
1500- 1900

SESSION 17

METABOLISM AND THERMAL PHYSIOLOGY
Buard #

7 Energy und body fluid balance durlng a 14-duy dry satura-
tion dive nt 31 ATA (Seadragon 1V), H. NAKAYAMA, 8.
K. HONG, J. CLAYBAUGH, N. MATSUI, Y. S. PARK,
Y. OHTA, K. SHIRAKI and M. MATSUDA

8 A computer model designed to make rapld predictions of
diver temperature changes, S, WILCOCK and V. FLOOK

SESSION 18

OXYGEN TOXICITY
Board #

9 Comparative effects of various protective agents upon
acute cerebral hyperbaric oxygen toxieity in mice: Par-
ticular interest of some benzodlazepines. F. BRUE, P.
JOANNY, A. CHAUMONT, J. CORRIOL and B.
BROUSSOLLE

10 Effect of excessive oxygen upon the capability of the lungs
to filter gas emboli. B, D, BUTLER and B. A, HILLS

12 SEM observations of oxygea toxicity in guinea pigs ex-
posed to continuous 100%, 85%, or 75% oxygen at |
ATM. A, E. McKEE and M, E, BRADLEY

13 'The influence of inert gas concentration on pulmonary vx-
ygen toxicity, Mo R, POWELL and H, D. FUST

14 Brain GABA and ¢GMP as indices of metabolic lesions In
CNS during acute oxygen toxicity, M. W, RADOMSKI
und W, J. WATSON

15  Pulmonary prostaglandin metabolism during normobarle
hypetoxia. €. L. SCHATTE and M. M. MATHIAS

AN EVENING IN PIRAEUS
1930 Hours

Buses plek up tegistrants at the Athens Hilton, arriving at the Nu.
tlonal Yacht Club in Plracus a1 2000 for cocktails, dinner and
entertuinment, See General Information section for ticket Infor-
mation,

Buses depart National Yacht Club at 2300 Hours for return to
the Hilton,

WEDNESDAY, 9 JULY

SESSION 19

CARDIO-RESPIRATORY RESPONSES TO EXERCISE —
Terpsichore Ballroom

Chairman: C, E, LUNDGREN; Co-Chairman: B, BROUSSOLLE
Rupporteur: A, A, BOVE

0900 Review: Current concepts of cardio-respiratory responses
to exercise, L. FAGRAEUS

0930 Exercise metabolism in humans on acute exposure to 4 5.8
bar normoxic oxyhelium environment, R, de G, HAN-
SON, R, M. GRAY, M. M, WINSBOROUGH, R. §.
McKENZIE AND K. G. M, M. ALBERTI

0950  Coumparison of metabolie responses and growth hormone
release during submaximal exercise in man breathing
hellox or alr ot normal barometric  pressure, I,
RAYNAUD, P. VARENE and 1. DURAND

1010 Break

1040  Effects of exercise and hyperbaric air on ventilation and
central ingpiratory netivity, C. M, HESSER and F, LIND

1100 Inspiratoty dyspnea during exercise at 47 ATA, ),
SALZANO, E. M. CAMPORESI, B, STOLP, H,
SALTZMAN, W, BELL und D, SHELTON

1120 Carbon dloxide retention with underwater work in the
open ocean. J. DWYER, J. W. MACDONALD, B, W,
STOLP and A. A. PILMANIS

1140  Cardiopulmonary tunctions and maximal aeruble power
during a 14-day snturation dive ut 31 ATA (Seadragon 1V),
Y. OHTA, H. ARITA, H. NAKAYAMA, S. TAMAYA,
C. LUNDGREN, Y, C. LIN, R, M, SMITH, R. MORIN,
L. E. FARHI and M. MATSUDA

UNDFERSEA MEDICAL SOCIETY ANNUAL BUSINESS
MEETING AND AWARDS LUNCHEON

1215 to 1500 Hours - Hesperides Room

The Suzanne Kronhelm Memorial Lecture, presentation of
awards, and business meeting. See General Information section
for ticket information,

SUZANNE KRONHEIM MEMORIAL LECTURE
Mental activity related to the blood flow and metabolism
of the brain, D, H. INGVAR, University Hospital,
Lund, Sweden

PRESENTATION OF AWARDS
The Albert R, Behnke Award, The Stover-Link Award,
and The Ocvcaneering International Award

KEMARKS BY THE INCOMING PRESIDENT, PAUL
WEBB

FOLLOWING THE LUNCHEON, AFTERNOON AND
EVENING FREE FOR INDIVIDUAL PLANS,
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THURSDAY, 10 JULY

SESSION 20

INERT GAS EXCHANGE AND DECOMPRESSION — T'erp-
sichote Rallroom
Chatrman: H, V., HEMPLEMAN; Co-Chairman and Rapporteur;
K. D.REIMANN

0900

930

0950

1010
1040

1100

1120

1140

Review: Curtent concepts of inert gus exchange and de-
compression. P, WEATHERSBY

Species independent maximum no-bubble decompression
from satutation dive, Y. C. LIN

Determination of safe tissue tension values during the sur
face interval In surface decompression schedules for
hellum-oxygen dives, P, O, EDEL

Break

Assessment of decompression profiles and divers by dop-
pler ultrasonic monitoring, R, Y, NISHI, K. E, KISMAN,
B. C, EATOCK and G, MASUREL

Monltoring bubble formation with an integrating pulse
-¢cho ultrusonic method, 8. DANIELS, 1. M. DAVIES,
W. D. M. PATON und E, B. SMITH

Migration of lung surfactant to pulmonaty air emboll, B,
A, HILLS and B. D. BUTLER

Prevention  of decompression  sickness by combined
cyproheptadine-amphetamine trentment, €, CHRYSSAN-
THOU, L. RODRIGUEZ and P. BRANDEN

EUROPEAN UNDERSEA BIOMEDICAL SOCIETY

SESSION 21

HEALTH HAZARDS — ‘Tetpsichore Ballroom
Chairman: A, A, BOVEy Co-Chairman: C, CHRYSSANTHOU
Rupportenr: D, H, ELLIOTT

1500

1830

1550

1610

1630
1700

1730

1750

1810

Review: Cutrent concepls of autal barotrauma, J. C.
FARMER, JR.

Mechanisms of aural barotrauma, ). MILLER, A, AX.
ELSSON, D. McPHERSON und W, POTTER

Water-borne  microbial  pathogens and  diving  en-
vironments, O. P, DAILY, S. W. JOSEPH, J. D.
GILLMORE, R, J. SEIDLER, D. A, ALLEN and R. R.
COLWELL

Management of health hazards assoclated with the salvage
of toxie chemicals using a saturation diving technique. A,
MARRONI, J. GETHING and D. ZANNINI

Break

Review: Current coneepts in bone necrosis rescatch, DL N,
WALDER

Abnormal bone and cartiluge collugen metabolism in ex-
perimentally induced dysbarice osteonecrosis, D. B, PAR-
SONS, M. E, BRADLEY

A detalled histological and radiological controlled study of
selected bones from divers, C, R WEATHERLY, W. M,
PARK, M. HADDAWAY and I. CALDER

The efticacy of spinel anesthesia a1 high pressure. Ho F,
NICODEMUS, H, MCELROY und R, J EVY

EUROPEAN UNDERSEA BIOMEDICAL SOCIETY
ANNUAL GENERAL MEETING

1830 to 1930 Hours - Terpsichore Balltoom

D. H. ELLIOTT, President, EUBS

-END-
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SESSION 1

KVALUATION OF DIFFKRENT DEGOMPRESSTON HUGHEDULT'S BY AGAKOSE (KL DUBMLE,
Y. Mano, M, Shitayams® wnd 2. Masda®, Dept, of Pubilic Heslth, Takye
Wedical Am* Du\u* Univerelty, Yushima, Runkye~ku, Tokye, 113, Japan,

Decoupression wchedulas after dive arw actually different in countriea
like sy United Htat. Kngland, France and Japan, ami (t {s too diff{cult
tc appraies them L of the difficulty to know tha relation hatvean
the schedule and the bands Incidence,
of the mathodw, bubble formation work by ah agarows gal has
rehed {n o dey chamber cuntrolied the tempatatire to svaluste
different decompraasion wshedules 11ka aw U,8.N. Manual tahle und Japa-
nesy $tandard table
geol bubb ave only physically foread by preseure changes snd
{t i obvious that ompranslon sick im dus to the bubble forsation
plus our pliysiological body resation aftar bubble forwation, our physical
conditionn and wo forth,

Hut it should be remavkable that tlie bubbiv formation muat be mowt im=
portant am a rirst sympt_m ocourrance factor. And a bubble {a formed
avcavding to the physical detompreasion vatio. Ro, it ean timated
whioh kihd of decompramaion seheduls {m better vo kesp the lever numbar
of bubblas and the lowest hubble number after diving would be intreduced
the mafer ducompressfon scheduia,

The desompessaion schudules toy thia research were nine tahies for
both divers and compransed alr warkers, total decomp on time ia
quite difterent in chadule  even though the depth and the liottom
tine are vama, Agaross gal devided to from 12 to 16 aslle wam preswur-
ised to the predatermined preasurs and tims, decompressed avvording to
the sach schedile, counted the bubble number in each 0,27 w1 of the ealln
atd thows schedules vere svalusted by the bubble number,

NON-HALDAN | AN DECGOMPRESS TON HURKIMES, 1
DBy Yount o Depavtment of Fhysfon sl A
fodoy) Untversdvy of Hawadt, lonaludu, lewatt WeH2Z,

T recunt deveivpuent of an explielt phyrioal madel oy bhubbile
Wieluntion tu upwesstuvated Clulde hws purel tlod the computailon ut
dueomprvia lan nugmmlnu hanml wutirnly on eetablished  phynleal pris-
viplews  The provadure dETTees Trom mout corrent sohivmen In thay 1t
employnd 4 prewsuve-difCorutes prinedple lostund of & prousuro-reduet jon
ratio und sttempts to pradiet bubble«Trow and not fust anysplomat e
profilen,  In computing thene wehedulen the sutablished pract e of
charactuilalng the budy by & number of Sl time vunatants In
retalivd; but the convent foned M-valuo ealeulation uf the prossure
ruduet ton Hiwitn Lu reploced by s computationkl algoritim Witleh traven
thw wvolutlon of vavitsnton nuelel throudh the preasure nistory,  The
tuultlng computer progvam can handle five vomponent brsathing was
mintuten along with paw interehangen, aml wxplicitly truats the
wutubullum ol oxygeity boeluddng the ¢ffucts of the "oxygon wimbow” and
the ponnibality of saygum beids, (¢ all of U now tablew the (Lrag
stop e muuh deeper tlan thet st ipalated In the correnpund§og U8 Navy or
RNEL Webmdudon,  The total decompressiui time 1a, hovever, similar Lo
that of the U4 Navy talilon,  Reprosentative sehndules are shown and
comprrad with enlatlug tables and with Clotd experloncs sueh an Nippon
Salvage Company's [lodd wxparionee tn salvaglog Lhe |inver i The
tew Adliduluen aro dn thin maninee shown (o b reasanabile o Becaune they
are bellavad Lo be virtuslly bubble={ton decomprusstons, e uwe ot waeh
wchvdulon whinuld not resudt o chronle cond it luin sueh ag dsept (0 o
noeronln,

PEPPALLR TN IHE DLAGNORES OF INMIATTE OFTTDNROIEH N AND T S1GRTELCAN |
DR SRR TEHIONS, K Py bban, W1 Trembr g DN .M
Tnmmsnpe on ek G0 GogBatey, N 1o e T,

P Tebent Ot bob ol sl b dovetoped tessdome af dystinebe astooneeyoeds
shend Bl fwe CRn RN Fotswinisl, By b doet g dives ol coapreoed 1 e
wirknen Lo cogn b cadbog st e esontoat Ton e nttapt Somuke toodet ey
Phs osumd) t b i vnedy s (e idsde toy ey boc Dt ATy this vcanen b inetoeont
wtd o, g bl protact s iy T tee st bl Paied ppaimit iy,
Pty e i e mesed o ey S0 the Eerbecutne st it ol the
fuomes s By nneonednteel whth el tn demsiiy, e di tfaeonee etween
theows oy et bog et ot U fes aed deeiedes minl ponmd vetant-
St Peubesen g st oot bend tone, steobel o up the arobidones o enedfo -
Togheand dingmetn, will hedbaewesdd, Hoed s an nbiom ey hiee 1o be
et e o s did® Jonbon, Uiy B i in the Newenet be
Tt on Scknores Contrind Yeg Est ey e hisve hoked 1t tho st o
b Sapgeaetod” fuxtinet e bee G mnd e, neck o bkt CINSD BBy
whieh evintimd by bocote Cdelind e M st b wre oo ol bows

Tawanm T e g te It the oy et

T g Hile Divian A workeb T uene e Che disgiiond s o
em e e aas e .. e Sttt Jen o wiee e

JA nbonlobr A ke S IR i olopiads, unertuingy ol
s ahouldor w ip P ey 1t oy tHe e e ot et fakle
HRY Ceampe a Lihgn Ry PR T ) Brendon, wee it ongw et

- EEERERERY wteait 0 el stieb dec i
Care I teredt i ool eventun bty o be eon e necbe e, e thie,
Woes BOU Hnpgen muy Dl beste tentt omebs bonn cligros are Fepe g
[EUTETOS (TR N AR T wear Ui o rebi v satwasbed by oy WU et Ly
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DECOMPRESSION

THE OLVELOPMLNT AND TESTING QF it ALLETUDE DIVIYIG TAMLES USTIG | XTHARO-
LATED UL %, JAVY CRITICAL TISSUL PRESSURE CRITERIA, o §, Betl, A,
Huuu\lmn' ang R, Borgwardt*. Denartments of Chemical ruuTnnm'lnq and
Physiotoqtcal Scionces, Untverstty ot Calitarnta, Davis, California, 96616,

The critical tissue vressure curves obtatned hv the U, S, Havy wore
oxtrapolated to obtain predicted critical tivsue nressures fur altitude
axposures, Using these extrapolations, no-decompression 1imits wera pre-
dicted, A oww snt of repetitive groups which extand tho U, 5, Havy grouns
ta roducod wamspherle pressures woare doffned and repatitive diving tabies
ware calculated, Lo addition, the RNT resulting fron equilibration at low
altitude followed by slow ascont ta altitade was accountmd for in "srrival
tables."  The no-decomprassion schedules calculated in thiy study efthor
were nut 1isted or were calculatod as MCMI?NSH()H schediles in the
Galfolti, Dunt {Buhiman) or Crusy Tables,  These tables wern tested using
fh Jrcty and & totdl of 1hE chambor and 1 vter exnosuves at |ake Tahoe,
California (elevation 6,200 fest), Circulating platelet Yevels, foyuy
Masma clotting factors and threo elotting titws wore monitored for evi.
dence of disseninated fntravascular m\a?ulnllon (HIC) amd pro-cordial
dappier bubbie detsctors were usod to Yaten for bublies,  Thern way no
clpar objective or subjoctive avidence that any subject encountered de-
compress fon sickisss using the sroposed tables.

PN PERFUBLOR/DIFFUSTON DILEMMAL HEBOLUTLON AND CLARTFECATIUR IY  1HOBART
GAR BHTTCING W 0 DY Asunt, ) Younge | By WiiteR, ko buntocds Viepinta
Hason Rewparch Conter, Heatt e, Hashinplon, UG 8A,

The bterdepondett protiom ul fnert pad exclinnge on the s and g
bubbiv tormet fon amd growth on the ather have costounded exper lnental
appronvbus to thely elavil fed tony pavt tenlaely whon deenmpronsion e asd
ar o Kuperastural 1ng tovhilgues We have provious!y domennt rated g
Anyimet vy ol jan el leinat bon Gl Apply Phyntel, o ALEvR, 1976) tullowing
Hecotpieagton an compated i natatm bony Indbeating Vit decsspranalon
Lo cardiovaseutar streon,  For these reasoun, we have hogan [robsr e
wrudion (Helunen T90RE0  1979) Al preaniren whete e supersnturat fon
Endieed By the unoquat equi st fon vate ol e et pasen Tdviag wneqund
W Tuston vaten amd/or | inndestiioml part i Lon vatlon al b cat fnst fon ol
Both wupeesntaral bon ol Che mfor tiw conetants ot the gy wlihout the
cidtloumdiug v focts ol dovompteaston, e dtEtanfon ot Cletontn and
Cunae o-blovd than/wntor) pavh Lelon cond Edelonls of bl gasen pradict
undigne supotaatutal Lon o subRatuvat ton prosrater tn anfmsbs ol b
acenrding tu the ovder o) switebing wnd thi saeh oxpn fnent e van deson
strnte major portusion vay G Tas b -depomlent {1me conhlantn ol the by,
Uatig thda toehnbque with doppler hubble detecelfong Qe hitve wow cludety
rvabed™ Wodl Uhe mlubim | lee o8 wpd el ton in dwake gonts and (e
ninbmen et it fend dopthe iy Bamo et taotas e gan vl tehiog of nliyopen,
thumg weun, aml aegon,  Reaadin toddeale that whetoas mwdteldng ) rom
mHturit Lo o witrogem GV ATA Uyl o vither hedbam ob oo caunen bulih oy,
el T eom e bo Mol tum caunes atmost e 0 ap C0o o the e wipdd

rr fon e dedfree ot e, Than, gl though e tmpattanes ol dil fuslon
oot b vt drely tuled oty the pbove cenulin faddeate witong
aupport tan the clomlent perhusion dependent maded TEBL e foath by
Brogdt A 1019, tuppr teit By NOE Geant A Ay 0 a0 Jat ey
and GHIU Eaget v b #NOUBE A= ZR 0749 4 Y inis Mo Renenneh Contey

SUUBA DIVING [N PRUGRARCY, 0,6, Rankdng | N Lanphder .
i, Andersont, [apartmants T MyaToYoyy and TynecoTogy=ThsTetr
BotFon, UiTversity ot Wiswonain, Madison, ¥ 43706,

Tie eitect of simulated standard, no-decompression dives ta 100 (1, and
G0 1L, o) seawater wol tested tn 12 neav-teen sheep areylieg 10 fetuses,
Qix osutgivally prapared feluses were dived to 100 ft, tive disd within 2
min, of asueht dnd the Gth sulterud wovers Lardiac avvhythmia and hypo-
tension, At autopsy ATl fetusey ware observed t0 bave mavsfve Gubb|iny tn
the arterial system ang the heert, ive fatuses were dived to 100 1t
without surgery, Ywn ware 4)fve J hours 1ater and no Lubblen were prevent
at sutopsy and J antingls wecs born alive at tern,  the difterence belwenh
the responte of the fetused vubjectad to syryery ahd that of the fatuses
With no syrgery was sfyntficant P01, With the 40 ft, dives, J letusin
were subjected to surgery And all suttfersd massive bubbitng,  Two Tetusey
were dived (0 60 7¢, withou! \ur?urv, T was aliye affer 1 oy amg (he
ather was born adfve at tarm, With the 40 14, dives the ditferences be.
twien tetusas with surgery was signiticantly ditfevent franm that pf the
folusus without surgery F¢,03, Wy conclude that surgery and panitaring
vasult tn the tormation of post-dive yas bublilws which would not other-
wite appea in the inmediate poat-dive period thare were nu significany
chanoes tn fetal bload pressure, felsl placental or renal bland flow but
the matarnal blood presasure was alevated by b5 and the maternal placentel
blood flow was depressed by 1HL, ) etuses which havae not hoen subijectsd to
suryary and monitoring do not appedr to sutter sny damage from standard,
needecompresstos dives of 100 1L, and G0 11,
Sapported I part by the Unlversity of wisconstn Sea bianl coliegs tea.
yram, Natfons) Oceanty and Atmosoharic Adsintstoation, U5, llepartment of
Comm) noamt by the State of Winoonsin and KIH qrant Hibeb,

anphiee, M, b, 4
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POSTER PRESENTATIONS

LEEATMENT OF CARBIOVASCULAR DYSFUNCTTON RESULTUHG PROM CEREBRAL AlR
IMIBGHLIEM, DK, Eveney, Ayl Kobutne, B0 Fignn, and M E Bradley
Naval Hedleal Rewvnveh Instltute, Bothwadn, Haryland 20014,

tn previous inventigntions of poamible mechaniamy of wuddeny desth
atrer dysbarie afr embolivm, we found fn animalu that adr fnfoaned dato
the corebiral eirculation wlone cousod acote hypertension and suvete
cardine abrhiythmion, Thave acute catdlovamcular svants wers accompanied
by « wharp lnereany in dntracranial pressure and 4 100«200 fold fnevpane
i clrenlating vatoehiniamines,  The present series of exper iy vere
dusigued to Lewt ponaible therapsutic dpproachen to the troatment of
vardlae Hrrhythmiaw und othee delaterious #ffertn of cerviral aly
vmbo{ fuine  [ntcuvenouw {docaloy wan thy FLirat sgent to be tosted bovaunn
ul (tw widusprend use an an antdarehytimle agent.  Lidoedine (3 mg/ky
1ovs) wan adminleterad 3 mloutus hefore afr wan (afused [t the vertebral
arvtory of anseihutlsed, vent{lotad catue Lhdocaloe wis found to el fadnate
the novere card (4¢ wrebytialon altuy covvbiral uir omba{ O wnd to rndive
wigntlteantly the avute hypactenslve rosponne.  Alue wlgnifleantly
reduced were thu rise fu intvacranial prwwure wind the Ineroane b
plowm catecholaminue aftur corvbral ale ombaliem,  Larger Junon of
fducaluo wery Found to be swven mure of fevtiva In attensating the evardios
vancular efiveln of corshral wir omboliume  These prelimlosry Tlidings
wuggont that 1idocsine may by a uwelul therapeat e ngent tn troating the
puyere cavdiae arrhythnlow and acute hypertenndon tesulibag Tram ceroheal
abr vibol fum

VIHCERAL MALFORMATIONS, WESORPTLONA, AND RERDIWRIGHT ANONG FETAL RATY
EXPUSED TO ATR AT INCHEASKD ATMOSPUERDC URKSHURK. MR badton and Adly
Aoty nbvetalty of Florhla, Geinesviiie, Florida, U5,

Hateennl exponiien to afr st grealer than §oaticapheren alimolutp proas
aute (ATA) huw boon armnocinted with ampiotle and fola) tatravanenlar bub-
bles In woveral awlmn) specton,  towever, provious terstogenle loveul D
Clobn have Invalved antmnle mubfoctod 1o Tand that VATA alr, and 0 oet
vevendl Inereaded Troqueney ol Cotal wil loematfoin o dealh, Phe purpone of
Ui pasnareh vl to determine (0 progeant tata nubjevted to maxlonm
Uhuimln-teon wxpanuie G0 aty a0 ATA woutd have mn Dnerpaned Trogusney ol
futal doath, roworpt foiify Tow i iwo phie or mel ocnat bonk, Hlnoty progs
nant raln wire aRe lgned 80 ol 0l Lhires expesure aphodulos duriog ospdio-
ek dovie G-l 12-V0e ar 15=120 amd eaiomi2ed balvoen ok treatneil
and Uwo cont ol dtoapa,. The Trontmeot group was mubiectsd to b ATA ter 1
minuted g with vomprosa s sl despmproasion at o sate ol g tew/min, ton-
tinl proups wers sapessd Lo olthor T ATA of alr within Die hyperbarie
elambvur, or 3 OATA ul onit outwbdo the chambres  For 10 minutes (ol fowing
deeonpreanion, vhanbet troagud antmilk wore plicwd v a4 wlow, mular=driven
rotat lop vapey aind asrlgied o "honds weore® boged on padt dlaturanees
Chogmape Musdoy DM A3 1280410440 0 on day 70 ol gestat lon, Taparalomy
wai gt turiady and vorporn fulea, Suplantal fotey muk esorpd Toie were
comted Fotuson @epa Chxaly, woet tonml, aml exanloed Tor vlaeerad mobloy-
mal bosny Kinoe vincora) anotsidfen wore prosost in 163wt all Fotunent
howover there wirkr oo siglH feant dbtlorences botweus gloupa, Stsilariy,
Chiste were mo uignldbeant dEEGrseen swlivn number of copsept Lonsy aumler
ot dead fetuieiy, g betal walphtag aml madfovmat lonn 1y by ealoent and
Gl el REpH wete compared by annlvnie ol vardanews Ftaaddv, there wits
o bRt Cleant relat sl hotwesn “hemle ceape™ sl ans ot the buve
varfabien,  hewe tosulta binddvats Vhat exponing 1aln to adr at e easnd
atmonghet {e prodfies doms ot ot et Toebad headth or wievival,

ANALYNIN OF WEBICAL REARONN FON ¥1THDHAWING MEBICAL CENTIPICATION OF
FITNENR [N COMMERC 1AL DIVKRE IN THK UK

WA, CNORMIE, King's Caollege Hoapltal Medival Menonl, Londun, and
K8 M., treat Yarmouth, UK,

THying regulstiong in vhe U.K. demanda that o diver he medioally
sxaninsd svary 13 monthe to hiw fitnems to wnrk underester,
A hudy af “appreoved dootora” adeiniater the aysiem ih the V. K. but
provlams srise when a2 diver ia Cound to bave dnveloped some abburmsl
medicad condition, He La then ununliy referred tn & wpseialined unit
for turther tuvestigntion, Over the past 1.2 yeare, |7 sunh san have
hesii retarewd fur tnvestigation of reapiestary abnormalition aud 10 in
the ohijunt nf thin paper to deseribe thelr tindingn and aubssquent
progrens.

The age ranas wan U0-48 ywnrn and commercial diving saperiones 1-80
yoarx. 10 were found {11 and returhed (o unlimited diving whila 7 wers
advined to mtop diviag. In the cient group & had wvidence of sarly
sirflow vhatrurtion (1 sulisequently deveivped hruathing diffioultiae
wnder water), 9 had svidencs of lung Garntraums and hoth fulily recoversd,
1 had tewporary tonle inhaistion desage and & had abnorsal Lunyg shadows
DR x-Pdy, L8ter donalder Innocun tn the mecond group, 3 wers foumd
tu have wigniticant asthma, 9 amp R oand 1 suapectsd narentic abuse.
Un revisy the maine prebiom van the anssanment of degres of RlMway
Ainvans

Skt ad inb Gk Wy da i et s il

SESSION I

NEUHOPHYS TOLUGIC AL AND g LOCHEMICAL STULIES IN Ue-NgeOy
ATHUSIURIRE AT L1 ATA, Stoiloya* Roloy*, 1, O [

UL LA ejjoliv olo [l N
sontral Laboratory ruin Kesoarch, Dulgarian Academy of
Sedunouw, 1113 Sufio, Uulgarin,

A Julnt Soviot-Hulgarian exporinont VHELIUX.L00Y wuw vur-
rlod out In the USSR in 1978, Throu mjuaposuln were examinoed
undor conditiohs of lh-gay wtuy in prussure ohamber, 7 doys
wpont ot 1L Ata, uuding He-Nyg=0p atmoaphere in dtfferont ruti
ok, The main nim of the expovrimont wiaw to atwdy the obhwnges
tukting plavo fu the humon organdwm during and af tor continu-
ous oxponure Lo high pronsuroe conditions in HesNg el wediunm,

In the couwewe of the oxporiment recerdings ware made of
the EKG, hoth spontunsoun and in funotional tosts, of the
wvokwy polontinle (K1) after dight stimulotion, s» woll an
\mlypllynuu.l'nphln sledp rosordingm, Lipid wetubolliom « tolwl

Iphday, phoupholipidu, clivledterol mid Tatly anide = an well
un the aeld=bapa nmuhhrlul. wor'e niudied parnllel with the
olvatropiyniclogianl dutu, The vleowroephysiologioal analysin
whow thai the oxperimental cundltions ind difrorent effects
o tho different subjouts duwe to the individunl adaptation
poantbilitive and thoy were & faotor tuflueticing KNP generae-
tion, The Jungor latonoive of tho B compunents obusrved in
the coarse of the exporiment should be ussumsil Lo Lo une of
Lho dndionture of the gennral phywiologlonl stross unies
hyperburis conditionn, A remijustmont of the setabolio prow
coase s Feguirex consbderable vnergy oxpetiditure whioh {w
componkntod by o genvral intennifiontion of Lipid metabolinm

HRATHHTEM EVOKED POTENTIAL CHANGES ABBOCIATED WP VARIATTONY
IN MILDLE-EAR DREFBURE,  flon M, Cloptond and Jdonef M, Hilier,
hepartonl of otnlaryngology W87 SORGT & T o, Wl
votnity of Washington, Heattle, Mashington, 2819%,

The brainstom evokod rasponss (BHEH} to ulicke prewvnted
to an sar in which middie-oar pronsurs waw variod in gquinea
plus novved as an {ndicator of pressure effecis,  The magni-
tudu vt wavo ¥ was obaerved over a 60 dhi rangse of silek
fntenkity ap middio-oar pransure was varied Lrom =300 to + 300
mw H,0 An 50 mm ntopw,  The maynitude of the HHER wad approxi-
mnm?y lincar with di) stimulus naynitude providing awtimitoen
of oguivalent changos in ntimulus magnitude. ALl nhgative
mitkilo-par pramaurss produssd attenuation of the BHEN magni-
tude, tha qrostust offeot boihyg at =100mm H, 0,  increaningly
poritive pressuros produced Lherearingly qrsnwr reduct fons
in responen maghd tudo, but of lessar of focta than hugative
pronsures,  ‘Theso rewuits ayroad in magnltude and form with
those Heon using peripharal tieasuren of niddlu~war prausure
altects, thus supporting the BEKR ar a cunvoniont alternative
correlate of middla-ear prosiure nffocets,

Mol ] b, MEASTREMEEISN ARD MORENIS OF IREED GA EMCRARGD
ok Wentlnsnshyd and Lot Homerd CHORTE 0 Yopmamar L0 Raes ] Sodioal
Twieata by List Sbate, Bethasdng Boesfand a4

Huanut emette ol xonos gar o hange osel /b fn mnenthen bl duge o e
FELEud to o nomber of mecbantet 10 modele of captilnnye gas exchange, Hotl
wimpdi hlood perlusion and wlople 1 Tesue diiiuston mdeia falled 1o
aderuatedy CEU Lhe datn. Modelw that conbiged blasd pesfanton with
elthet pndbnd or anbal 0t tusion in the vopidlary £8 the datey bl ondy
vEth fopdiundbie valuen ot phyatologte vartablons Dy £0 wios o bided
Tt wome Lot ol cap bty beterogene bty munt be fovmd by e baded o
toanattle modnin ol 1 ewue giow e baige The medeba gaed conbd b
wrnad ) f oo by th momen e G menn atal otamdand deviatden) wl e
Aint (bot fun ol gin sedecule Crannle Uimen dn the captl by, fhem
mument i providud novery anelul Pramegork Top maded compa Lasn awl
devrlapmetit beeasse mode e that TRbwd data well gave whmdbal vt bdan
wl memente, vogatddinn of il phys ol smechantnme ol s Dlanspoerd
wet e ansmimedy Poot by EECCIE modedee gave diilenmt vnbues of meanentu,
e Lol valuse wind prepettion o) bl mosen i wntablbeb et afnta te
any genetal v unelul mode|
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SESSIONII

T EVETCES 0F COLD SEREES 0% VERICS oA BUBRLL PRODECLION 1% MA% 1l Loy
TH A HO DLEOMPRE NODIVEL REehard bantord and Tohre Naywardd . Vipint
Manun Heneureh Center, Seatcle, Washington, L S,A, 0 and Miiveinlts ol
Vietoeta, Victorfa, Sritish Columbia, Cnnade,

The effect of cold ulresn ou venoun gas bubble produet lon wan wludiod
wiinp doppler ultrasonie mntioring,  Ton subiectn partichpoted in Toup
URPORUTE FORTIWR caleted st ot 78 fvet on an updeewator platforn for 34
minutes of LIRAE exwvelin (n 10°0 watur of £ Vietarin, 1.0, Twa enld
wxponutes (O widng TRht neoprene wet suits amd two warm vxjioRures (W)
Mibng dry Ansulated sufts wern sach fol foved by rewarntopg In o heated bath
(D or by undogetions et praduetion while Sowulated (p o Rlvoping hng
1y Mhe four togdmox for waeh tndividual (W, W1, CB, ©1) wete derdpoed
to affect changor n peripheentl efreulatlon,  Pro-exposure moasuronont n
(e hded mean wkin foldy antheopamet ey, ond peedleted wark capactity nt 1o
et beats por minate (PWEL0),

Results mhowed that tor the cold expurure compared 1o Wi expongee
U ale connumpt lon doerepsed 9%, 9 reckad temperatare dropped 08%C 1y
e and o the divey D mean nkin temperature droppued an average of Jivg,
atd &) conling rate corvelatod sipndficantly with both mean skin fold and
eidumarphy 4 0B A threw=Fold fnetoane (0 bubble countn e 7)) wnn
ubnerved fofiowing the warm vxpokuren compared (o the co bl EXPIRLT U
fhe altectn af rewarnbog vopdmon on bubble product lon after cotd BRI
vl wot conelusive,  The WK combination mhowed a fanter deciing 1o bonhle
Brodioctlon it the W1 omeihad and wan sTind T leant 1y diervent (e 05) ot
140 mluutes post dive,  The resudis Hugruet Uit cold strons allects
peripheral eleeulotton to tahibie {nevt gan uplake fin the o1 phioyy

T projuct wan suppartod by a peant feow e Max and Vetorin Brevias
l";xm;l;x;llm\‘ taeay and by the Natloal Resoareh Coune L) ol Canada, Grant

w077,

TIERHAL BEFECTS OF RECUMPRESRED BUBBLEE,  RiGe Byeklvs LB towk
Lol Yokenhuffd,  tepargement f0r Annesthwadn dwt UnTvateitit Bari,
anfonwupd taly 4001 Nakel, Switeertand| Department of Physics, Unjversity
of MlchigansFlinty and Alea Gorporation, Pale Alte, Califarsin,

Baperimental atudlen were carriod out to evaluate buhbie bohavior
duritiy amd aftur recomprenston an in uned to treat divarn vho wolfer
docompresnion aicknens It (0 traditdonally budteved that bubblew rapidiy
Tase theie heat of compromsivn and are thus fsothermal,  Mheoretfeal
conmtderatfonn wupyent that there may be fncomplete thormad vquitibration
AL the current vaten of recomprenniot,  Toert Jan Wibblus of e and N2
were wunpercted $n wad G or nusan plakms and Owdr afee sondtored durlog
rocomprudnion from 1 oata to 3% or 6,0 atw at raton of 173 or 1 atm/ein,
The fluide were pre-equll{brated vith sither N2 or e at 1,0 ata and
37%, Bubble dimwnnions wers holographlently recurdud at froguent intee-
valn dueing sl fullowiog the recomprumiion until bubhlen vere fully
wisnotved (Con, Hokoy Mieklew, Kol Whitlow, B Glnehinlomleraseapy of
amall animal mierneireniations  Apnlo Opticw JOIE2H-191, 1971),  The
huhble diwmolution behavior at Ligh comproxsion raten to the maximos
aepth Cinalogoun B o U 0N, Table B3 or 804 treatment) exhibltnd anoca-
Toun behavior consintent vith extensive heating of the bubble due to
Imperfent heat lows during compresaions  Caleulatlonn show that mean
bubble temperatures {0 sxcenn af 45°C serurrd) submequent buhble hehavior
supgents that thermal densturntion of plasms protednn veeurs durlug thin
trsatient procudurne Hecomprenned bubhien In water snd siwler cond Lt tann
of wlownr raten aid lower pressnres doonot xhib il G eftecta,

ACABALYEC b LI FRFR T O U RBBARES  XYORN A PR et
p POLERARCKS TH AT MG TRIMAR By by feugt mnd Ty Ay Lelly®,
topartment P Physien mid Ant ponety Kisd lu\rm-l tant T Thynledmey,
Hlveratty oF Hewndly Hanolula, Nawad! 96y,

cxypen to widely udmmd st elevnled part fnd peseruren G Protiltats
dgsompression, yot the optimun domngs and the hagh'tade F Vhe s ticing
efrechn ars peerly knowhn,  MAthly this 18 bechuie oxppon suhrhesgenta,
expradnml ak Lucrenarn Lo thn allowsd pransars paduct Tonn, ke ankl ] el
ansily muanked by yneiationn i the talarabea or {ndl el dunl subectng,
Furthsrmore, oxyemi R0 produes toth bene PlelRl wodd leteipental renuttng
wil s paEe Crom 8 thepaputle Lo m taxle lavel La nareow,  Dorghage a
Micracken hnve sueeut 1y carrind out by mResive {svest fpstlonn fnve lvlng
LB pala mid BC napsrlmenlel conaiticene Thene il he reowapgest 4 hint
the sohventlonnl coneapt of my "squd valent &Ee depth® o mo lenger
tonnble wnd tlial coypen ahould met e dineegardsd {n o chlenlal by the
gl Uldous gua Letivng We Flned Luntered That the Shaepvatbom of
T s el MeCraeken seny o PRet, compallbin with A mers detalled
g ) in whlch the Lennione of axggmy il earbog doxide dinsedesd o
Ul wern RuLImAt®d fram Lhelr rexpective bloog At kbiom curven mt
#idmd teo Lhe tanwlons f Lhe other dluanlyed paaen thal are prowant,

POSTER PRESENTATIONS

BIL DISPRIMITION OF INTRAVASCULAR BURRLES IRDUCED BY
DRCOMPRESETON, 3y DL Bt e, 1o A0 Hrlis_and L buttan,*
Marine Biomedieal tastitute and Dept. of Phywi & 1ephy,
Unive ol Texas Medical vanel, dalveston, Texas 7/500,
Although {n mont cakes, bubbies found in Lhe venous BY B Lem
during decompression are trapped in the fungw, 1L ir still
mowt demirabile Lo know their size distribution 1n attompting
ta predict Ltheir oftocts, Dogs (18-24 kyg) were anacsthetined
and compressad to varjous dupths ranging from 170 Lo 220 taw
for oxpowuros lasting to 3 hours, Prior tu ronprossion
cannulace wete placad into the sinue venarum cavarum foy
sampling venous hlood contatning the decomprossion - inducod
tubbles, The cannula wax conhected to a high-proe suie hlood.
sampling valve which passvd through the chamber vall,  HSive
distributions of the bubbles wore determined from 50 ml,
aliguolu drawn fram the venous canhula for poriods up to
? hours posl decompression. A Coulter-countel wik unad $ar
bubbje size nmoasarwment. Bubble wives ranged from 19«1/9 g
tar the lower el of Lhe acale while larger bubbluk, hundrods
aof microng in Jdianeter, were mesakunavd after varjous intoervals
post -decomproesion,  Quantities of mmaller bubbles usially
appearsd immediatoly postedecompioniion whilo larger bublen
tondud Lo appuar later, The rosearch reportoed hore hak booh
Rupported under Lhy offfce ol Raval Resosich with fundu
providied by the Naval Medical Roavatreh and Developmynt Copmand,

RESED TS OF VALTDATHN TLATIRG 01 PLVIRGCAFTLR-BEVING seeilb e B, 0
Brrgtob Uy LU Cody USAF, B8 BSAP felwo] of Asronpace Hedie e, Clew
Frotert lun Boaiehy Broske AFB TR 7888
Hyporbnrbe vxposutus condietd st sen Tevel and Totlowsl by fmed fale
aseent to elevations greater Lt ses Tovel, aid hypurelinefc oxpougivn cons
ductod ot wlevotlons groates D soa lesod connot b condug ot undng de-
coipseni (o procudaren des Lgnsd wnd Leated Tor e at o vea fovel andy, L
pongte deheduled Tor comproesned ol diver G doptin Trom 10,079 Tew (o j 0
Fuw wore calenlated unting ThndUug Cissae nitiogen vatues My values) ad-
Protod toam altitude of 10,000 Teet above e evel, The B Valven were
durived by ueing Cho wmme surfae bug vatdon Clau Py /intomot ) be Pron-
mare) uhed b Ui U 4, Havy Btandaed AT Decomproseion Tabiles,  fwenty
Al terent volunteer military divers wore vxposed to sach of wix caleulatod
vkpunure proffless 13077 100710y BOZ1AE bO/20 407 361wl 10479/ Lhal,
Pl byporbarbe exporure wok followed by o hembnnte gocent to T U0 Jen
Ao sl itude chamber, 4 hourn st 10000 Teet, a 1% minate akeont 1o
T6,000 Toety, 1 houe ot 1,000 Peet and o d=mlnule descant o ovon devel,
frecotdinl Uttranonle Bopplor twm iLoring tor venous gan oiboi b (vpe) wia
cotnbicted dueing the alt brude exposareas & togal of 59 wabiber e part ey
yoted B THO expentten which tonaltod e 12 Q0090 terminated caponaren,
Fhve (4068 canme of palt only besda vecuraed whibe 7 (00id) add it dupal
onpusiiied produrmt Ve mearen which resadiad g seely tormlost fon ol L
erpusutene I addditdon, of The B8 complotod exponuren, vRe were detected
tooa Lenner dogree b Lo exponiren (100 Thene tesnlte fdboatul (1)
the cateudnted achvdulen do not g Wulbble totwationg 9 notes po -
viomudy pubtiahed sebodulon snd procedutes are bighly mges by and (1
the U5, Navy Btandapd Ale Deomsprenslon Tubbe Hy v buen For o Eadfag
AU pea Jeved oy not by wablfebent by conneesal fve,

PUNHTCOCHERTCAL PROPRIGTES 0) JHE ROHTORTC STERVAUTAN S SURRDURD NG LAY
CAVEEATIUR HUCLED CMIURORCHRERIY. L3, DA (g (9p0He DA (adtn
Phvadnfory Dept oy U ot Wawstd Kol ol Madtogne, Honobalu, Wawal @ nK??
and CAY AL Lon=CORL ol Technoiogy, Kadlun, Hawa bl 967 Vi, 10 N0A,
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talbawlng by dayn of recovory sadar roan ade coaditlons bl 00 values
bl teturned toocontval Tevels or Bghoer,  The Lung AT lode)y winp
redued AT alter the exposunten, bt relurned o soarmal atter sty
e ey of pevoverys APnoe amd cathepndn activitfes were sselanged oF
shctonnmd aftor Che Gq exposticon and fol lawfmpe terovery perfods, Mo -
phologdenl stadive condacted wlmul Laneousty with the Slacthmmdeal niudfon
atowad dimage (o the Tt Lol lowiag exposres to axygen thal markodiy
tuproved Lot towing cocaveey porfods wf D=2 dovk, Besplte Ohe apparost
sovere dafiage to many wwdorhol{al celle, 10 1o motable that futet st iotal
edvts e Tneanaplenoun, M Lameblar bodtos st wd tachatadt fn ol ype
T eedbe wop e dataged by Ve WL pxpasiveny lowever, fnprovement wik
obkerved Tulbowlng cocovery s tods of 1= dava,  The tapdd gy
ol Norid appearanee of tae wftociomde by Lol Lowlng redson ta b a4y
ot LE fonn e et boatt veportmd, however T s ot biely conkintrnt
vith the tapld decovery ot sefabmb b activite, e Ly Lo o at ondid
chvr wetalnd fum Ty vepate of tnfured Tung tlamae G tollwetod g tine
ARy mimadvaneouk doceease fnombbochomd fal fanet fon and motpholeg gl
Topravenal durfng secovit ¥ pevbuda,

Ly

OXYOEN CONVULSIONS IN MICE, INFLUENCE OF NITHOUEN ADMIWTURL
N, Hu:ulun', 9, Cnbo[n' and A, Muten

Defence Materiel Adiinistration, Navol Materiel Depariment ond
Notional Defence Research Inatitute, Stockhelm

The uleM convuleion treshold 1s relatively well established
wapociolly In amall unimule, There is, however, o wide vaclation
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sute to the opaunnu of ohvious Yenie convelsions vay recarded
individually, With pure On (FH=99X) the mean time was J2X) seconds,
With the adminture of 25%“N, the { vas reduued to 240 sec and
with 455 N, 170 sou. The differences between th roups ote iy
niflcant, “With 4 os well ne & ATA oxygen the effent of Np=admine
turs guve rise to vorrespanding resvlin, )

-

TOLLMANCE OF BLICE TO PULMONARY UXYOEN TOXICIYY. Ay Lapird, I, Bf[gfﬂg
I{;__t_g_*_mgu‘ (HONT V. Helamad)y  Haval Hedlea) ToetTtute, P00k, BURD,
urael Uceanvgraphle b Limnelogivel Rewsarch, 11006 RO, aml Dept, uf
Moghemintry, twdon, Habiag Inrasl,

Young {J-4 munthe) and adult (J1 munthe) sics (CY1-B1) weve wrpossd (0
Wby Uy, Ul and 300 ATA of U; 0 Hurvival time dud changes In luay,
fiver and blond antioxident snsyme sctivity (wupstunide diswutans, cata
Long and some fndolesmine 2,1 dioxyyenans meswurensnis) In responss to
Dypesunia vory detarmined.  Ho signiticant changan Ln snayme activilles
wers observed (n the Liver snd blund during lonpetors {J-K days) hypers
harie nrygen eapusures,  Durling the dnitial U hours of the YS<hour
subvival time at | ATA Uy, long supsroxide diemitase activity (ne
by 155 aud Lhen {el]l propresnively to /3% convrenl level bafore death,
I'tulonged enpusure ol wics to elther V.6 or U8 ATA al U did not induce
antioxideat annyms aystome in the lung, nure did it tmprove 1wt yesin-
tages to turther expunure to 1.0 ATA ol Uy The tesubis claarly wiuw
that youhy sid sduld stce ars incapahie ui uvatcomlng the Wigh axygen
nvironseit challenge, Mateuvar, antlosidant enayms induction and cha
stmucisted partial protection truw pulsensry tundcity are wol the geneyal
tula 41 mammallian lung expusad to ashionic unygen levals,
VAter proton magnetic re tiun studisa bn the injured lungs of th
tovealed that NHR can be used as & yuantitative toul fur studylng the
deve lupment of cell damage by hivperesls,
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OXYGENI

CNS AND PULMONAKY OXYUEN TOXICITY DURIRG INTEWSUTTENT EXPOBURE TO NYPLR=
HARLG OXYGEN AND ALH. D, Kevem, C, Hitterman® and H, Bleiberg®. lsras}
Uceanvgraphic & Limnological Resesrch, P,0.B, 8030, Naval Hadicel Insti-
tute, 0.8, BO4O, and Dept. of Fhysfology, Faculty of Medicine, Technion,
lindtn, Luvael,

Unanewthet{ged rats, chronically implented with cortical electrudes,
ware indlvidually sxpound at 5 and & ATA to alternating vxygen and aly,
CHE toxlelty end=point was cthe (ivat slactrical dischavpe (FEL) in the
dlsctrocuriicogran, rud pulmunary Soxiefty was judged by dispnes and pom,
hiatopathology, The main resuits and conclusions aras 1, Conascutive
HUP waposures st & ATA up to FED, weparated by L0 min periods of alr-
brasthing, had esaentially unaltered latencies (mesn latency %.3% mlu),

4, A proflle ot sltarnsting 7 win perivde of oxygen snd iy breathing st

& and 5 ATA kedly incraasad CHB-tusicefrem tutal exposurs time and
cumulative onyyen time but did not pravent FEDS, wiich were obwerved dur-
iny buth oxygen and alv hrasthing pevduds, 3. (F the lattwr, 613 occurred
ismedistaly after switching to aly and aw eugh ©-.iu have hast dus to &
rad revtic potency of Lreat' dng mixture, &, CNB-toxlee-
{res exposuras of Y0 win and vvar pereitted the develupmeit of pulmonary
tumdelty which could limit such profilas, 5, Euisting predictive fndiuves
fur unygan toxdeity appearance du nut f{t these rewults and wtould be
noddfiwd noeordingly.

: POSTER PRESENTATIONS

HIREES AND HLNTAL LI ORHAR INBER WATER, 1,
(PO Ay schouten) s bt iate for Pevoeptio
horge Phe Hothorbnwin,

A wabiwefged diver will Lined Yimsoll Liv an envlromment Tor which e {w
wot waburatly adapteds & diver Tu ot only phynfeatly loaded tul alwo ex»
put b e mentad Tomds dn thie study divers wore fostwd to avaluate Lo
which vutont {0 wak poskible (o provess a montal task 1o the underwalel
aftudtion, The task conetelod of anditory provoited lettorw with fntorealn
of 0 weey The diver hid to deteet cettaln targoel Telters an Tostractad bes
Tore th diver T additTon Ue nuidot uf targate had 1o be comtod welects
Pvedy, Two fevels of W Leally wore unml G4 Largutat, Tent diven wore
wade by ol{vers T teaindng ot thras plusew (n the Cealndng vaurnes Per
tormaen foereased With pragless In tealofmg, Diveds detoctod more tirget
' Tettora snd vounted Ll nore ol Lo votrectly, Thin wlTect wan okt prond -
nent dor Uhe i EHen bt taske Bey conttol texta Dndfeated no buprovemit

"
Nox &y Bowsters

I.' div ta tark Leatnings Reaction finesy poasueml Cor dotoctml targots, sl
\ ad e Emprovenstd, bt e aksuned (at an axpertencod diver w11 e ot

. Adapted to the otrewslal wmbniwalor envivonment anl thotelore belter vap-
v, Whle to eneonte o banky Phis net o Te aupported by et dives made by

- porbonced dlvers whn showed no algniTivant loprovewent tn aieletwater poy
a Tormame e, ey pet Tormaees did net o feeelnbnato Dexporivneed from oxper
3 Fenewd divorvas Snenperionced divers tonehiod Lhe perlovimanee eval ol thely
t mote vrperienced coltoaguek 4 the ond ol their teaining although todcs

| Cien tlmes wera aCELE tastor Tor experivnest divers,

I Vol by, boart rate aid torplrat fon wore secardsd cont inuously during
{ the dives Spectial amdlyses o (e R=B intupvad i sure seed Lo Thapm b the

Gl bz camponont of beartsrdte carlabd Ty thile component aeoms Lo e
seanitive dor ment ) effort,

IH‘IIRIv}i’M'lIl' PRESSURE: T8 BIRLCES OB CRELELAR MEMBHAKL [l TRAROHT: W, R,
datey Pl BoS Yan Nlewand 140 Beabey (8P B0, Wosd) tept, of
Pl lopy, Undvars ity of Hew Moo Schend of Hedio Lay, Albuquergoe, Now
Moxlen, WIE3T, 1AL

fun movement acrons the rellulat embrane of neywe crlla [u tespohuibile
Yar the conduct lon of neevae tmpulnen,  Slnee pertutbation of oerve funet fon
by aextlet Lo agents Do antagoniamd by hydioitatle prewsure [preasure
voveraal of amewthanla) and bydrostallc presure tbaedl can (duce whinoe-
mabitlus dn nerve activity Qb Pressure Bervoun Svidrome) , we have
ktadted tne wbteetn ol huperlas e proamire vn the svemenl ol fune o jous
coll membeaten.  OuE RLLdTeK ava uned the sl cull membrane as 4 soded
for (nvvu(l’.ﬂluu Llu)‘_vllnu ol preannre on mesbrane et bve al prakive
fluxes of <OHab and BT TE wan obnerved thnt under cond i Lone whete
HOATA wi prawsure were exerted onoa bed el sunprnsion by e non-nageot e
Linrt wan heltum acttve Cianspoart af hoth Natoaml K wae Dnthibioed by 101,
Purthermore, 1t wan seeh that the active dnftun or KY dnte ped oslle de-
croaned Linuarly hatween 13 amd LUJATA of heldum sxertal priwnnte,  The
ritmt of the WIBMMUEY ApPvarn 1o be ankos ated with active transport
winea Uhe fnttun of 77 tn calie poisoned with 105 M ouahabn waw nol
aflacted by hvdeostatbe pressute, Mo wlfmct wan abno antapontond by add
fig the uarentic slomental gauws At op My (o the Tal Lim pds, The activity
Gl the Na, K ATlane ensvme sextem of ted”oel ] ghostn s et fnhibited hy
Hvdbantat fo preasut® sugnest ing that the slfect of the hydrostatis bressuie
Wit 1ot an the angver g CEelty ped e bt e SEeal bl ity o transpart [T
Avtosn Che methrans,  The resudtn of thene studien are vers windlar to
e ween 11 meehant. ally fodgeml bvdroatat Lo presmaren,  Supparbed {n
PATE By OFK Contbac 4 DT he OB and NI nrant RE OF) eih,
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SESSION V

RALEH LIVE CORT RPN MONETARENG D DECTIC PULMUNARY PERIORBABUY
Wl ke sty Haval Hed oad Reswaneh Tast flutey Bethesda, Matvlind
NN

A tontuvanive, realetime doview tor puinonsey mondter bog, usable in
P e g wavteonment, (8 duseribmle The devicr vonsdatn of paxte-on
olectramaguets amd elect fomnpuet e apsaors gt tavhed to the diset awd o
b Foptocennat vobt ol remdont unlt Jocated on the woattacee Breath-lw-
Broath ana Dywbn voneiat fng of Cldal volame, sionte volune, ond broathing
Palu dn avallabbe an woll aw ot ivbonteg of thdad walume Inte chost
and abdomlnal componentn, Hewudty of the syt sy e digplaved
dipdtalfy or o an analog resetdet and may alse T slurid Ter aiehtval
prrponens A portalile spbroetar teouned fur eany catthiratdon ol the
duvdea, vvon with o man e the water, mnd Che enbibrat lan e stable ovey
Lo pet Lodde of Udmey The datn we obtatioed unlng this device vt the
Wb bon U Uhe watel o1 bn the dey agreed with dota obtnbmed (rom o
plethvnmniropt andet the sage comddtlons to within Y8 acoutacy,

e LEPLLES 0l FRUNL DHLRRSION Ol LUKG FORCT IO, | Deskaluvic .

it of Proventi /e

S NasImtuS 0 Langhiur and WGy Rogdgi® . Dot
Med Tty eTvies TLy of Wiscuny Tiv, Hmli:"\q{n{'ul %1706,
Studtes of upright (o “head-out®) tomerston (B1) have vhwn & numbet
uf unfavarable vespiratory effocts. Prove panerston (PL) is more Lommon

T swhiming and seubia Jiving byt hay lavgely been nnglegted, delor:
wined puimonary ef fects ol fél 1 7 hpalthy wh{m.u Al S with ohrontc
ubntrut vy pu{mndl‘y dtseaae (LOPD) . Lung volumes, tlows o amd vm, A
Change were seasurwd us ing standard 1 infcal procedures ddaptod for fopwr.
st Closing volume (L'VY way determinm! by the stoglechreath Ny tech-
migue. 1o going from upright posture an tand (OL) Lo suptng un Yam {ul)
and to U1 ERY decrvssud marbedly white Y0, TLLG and TEV2EY0 vhuwsd

s e ducrvases, B PHy all of these vartables returned toward U val-
gy, RY way unchangod. 0V (WU) Incredsad progressively from U1 Lo 4l

te Ul healthy subfucts but way unchangud (0 COPOL [n PL, howsver, (¥
Tl below Ub valuey tu both groups and even below Ul values in sone LOPD
subjeety, The yolame PRY-0Y, norrdlly pusttive, bacane negative in ol
and vetutned toward i (v valuwoy te PLo The shift way most notabile 1o
thir LUPD groap, whioh tieluded npgative values even on laml. U LUy
showed # sma bl Eneredse with PLota sl thy subjects bul nu change (IIL()I‘[L
Wo contimmd potentially deleterfouy chengus $n 1 and found that those
werv accentudted In LOPD. Do cmteast, the eftects of PLowere lavgely
neutval ang dppear e some tnvtances to be bemefictal, (upported by the
o larsily of Wisconstn hea Grant Institute,)
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THREAU U GHATT, TUSG VOLIHT ARD BLATHRAMALLE CORTRAC T TON RS
TIMERSTON . Su-diih Sl atad Gl Boban® . The Vi Moddeal tenters ot
Lot Brachy €Ayl St Toulag Mog amd Faleore ity of Calitornta,
Trvdme, Iong
Blaphtapmatde contiant fonwnd cont G s on wete sl bed T the
dup during head-up funeraion to o mld=neck bovely sntng bibatoial
electeival plivante stlmubation aver o barge rauge of tumg volume (W),
Toalx andmata, the strength of dlaphrugmat le contraet lon was meanuted
an the change tn alveolar preasaee within e acceluded sonpiratory
nyktem (Pmind.  In Hive other andmals, dlaphragmatic contlgulal fon
Ghiring relanat ton wnd dlaphragmat fo contract lon? wag documented 1o alre
wnd fo owiter, Tt wad taund thats a) Puos by cotintabt <kt o bue din-
phragmal {e contractfone decreaned with Tang (ot Lt fon, hath o water
ad fooalng b)) fmmersfon attenuated the of lect of tablat b an Pnus g
e} At fae-Vy fmmeenbon was apsoviated with parallel changen 19 Poun sl
dinphragna e Tength (B, the fattur waw Beasured Trom s Latersl conlal
dlaphrapmat fe fnsert lon Lo the uther, along e dlaphragnat {e contour
on antetopasieeior chenl rad{ographitent d} the divtartabiliioe ol the
dinphivage wan ol parallel te that o the whele resplyatory syslem,
reRult (g 18 a0 of feel ol fmmorefon o Msae nost pronosuiceed at highot
Tung vetumewy and ) DLoappearad to be o proviat Llng facter control g
tnphragmat (e contenction, whervas dlaphragmit fe cutvalure aoomd Ty be
ol Lewner fmportonee,

Emurxency Therrial Pratoction for Saturation Diving,  Glen B Eostron
and Anthony DiChava®, Cotmercial Diving Centery Nilminyton, Callfornis
and Kineryetics, Ine., Tarzana, Califarnia

Loss of power and heat during saturation dives has resulted in casualties
in clrcumstances whore broathing «{u supplioy and CO, vlimination capability
ware adequate for an sxtended pariod of 14fe supportt the Yoss of onviron-
menta) control hes quickly shifted ambiont condttions to 0-2°C, relative
hunidity 1007, {0 an HoO, ehvironment. Ooath fn a short time is the not
unexpected end result,

A study conducted {n the Comercial DHving Conter's saturation facility
involved a survival duvice developed at Kinergetics, tnc. A 24 yoar old,
J7H cm, 76 Ky, male commercial diver and safety diver wern saturated at
3 ATA on an 812 My 13% 0, qas inix, Qverall heat foss was tardeted to be
kept helow 100 watts per inur; Durine the {nftia) 24 hour exposura, the
chamhior tomperature was kept between 0-3°C with a relative humidity of
#1-100%,  Comparative dats was recoided cach 30 minutes for 27% hours,
tunttored diver gn‘nmuun' vanges {ncluded: heart vale (A2-109), rectal
tonperature (36,3 « 37,1°¢), and shin temporature (3,6 « 36,9%C),  Sub~
Jective avaluations of comfort {ndicatud "too warm' nxcant durtng steep
peitfuds whah he was "comfortable”,

HESUL TS

1. A tharmal protective devicn maintained diver confort durinn a
24 hour exjiosutt In & Hed, enyironment at 0-3°C anbinnt temperature,
The divme's inftial rectaf temperature of 36.9°C and tho howur 24 roctael
temperature of 37°C indicated stable hoat balance,

2. Rwducod metabolic activity during rest and steep did not result
i1 hypnthermic disconfort or abberations of Fra.

LELTEL OF BEY FEMPERATURE ANE COMIVSELTON UN REQUVEIDY T HOMERIOTHTRAIA,
ok Merriaony S Higyward® and Mol Copints Depts of Minesiology, S
Fraser TV D Rn by, VEX (08 Tand Dept. of Bhalogy, nversity
o Victorns, Victonri, KRW 2V, 10, Caide

Inhalation wanming fuis been promated asoa process which can e easily
adninistered 1 romoto onviroments,  Its effectiveness s been
Chad lemged however, aind experimental studion appear o e contralictary,
Compir o ol variois stulies say b contoumded by di Cerences ol phyaio
fogivad comditions ml baly composition,  ALer conlimg tn LA™ sea
witery (4 sublects lmving virled v tomperaiures welt Fewiited by
Phhadatfon of siturnted alr at 4% Multiple Tinear segeession dbiolvaes
Wit campited Tup st possible stbsets velit ing rectal and tempanic
rewiiming Fatus 0 03] to phystological and aathyopometeic measures. 1t
wite Found that ol Wh there was o good cerrelation to,n) 1 141 etween
PP CH RVl the ovrespord g moenn aetiabol o o ventihiton tates,
townimbpg tates gy condd e more closely predicted by oo cambioat len ol
dtial core st shin temperotures (rs0, " 0008 -l e hest
pradictive eguitions of vewaming 1ate {("C/hr) werr

IO Ll kSt Fonoa

PTor oS00 K LS Ty o w7 dgp IRoechsa 1w DLRR
whire o, boR are Infthal rectal end tympanic temperntures, (h/wi i« the
height Zweight vatio toma/hgd, mul rofw the adjuted maltiple conretation,
hesiite pdicate thst the rete of rewemlng Trom Dypothesntn is ot rongly
Lnd buenced by Initind core amd ahin temperatures wmsl by body compos v,
Computrsons of rowarming dats obtained 1o di ferent tnv\wnt‘ullnn-- nul
with other treatment medhods are Hkely t ne mislending undess
exjel imental protocsds and sl Joct grops are cnrefully matohed,
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S METARGLTTES IN RESTING AND A RO TSING AL A VARJats FaRTLA)
PRESSLRES OF NTIROGES AN ovaliy Haneon, B M, o1 smihet
) DT M NI Y e £ gy il
spet U lampshive, wnd Southampron’ Unisersit o limpehine, 'k
Hies sertes ol eapertments was designed o see 1f som of gl o the
vhnnges found 1 earliey experiments {n hypeebarte ade oeason ot af, 1ty
vould be e to the tncrense 1y pNy oF pressuie per se snd to see 10
deprewe of hvpoaie conld show effects oppesite to those in hyperbarie air,
Fuur atmospheres were vhasens A (pis 0004 bay Ny 8 bas s, Bo(puy 000
bav pNg 000 baed, € qpog 08 diee pR, 70 bavy D ity 008 bk i, S le
Bard. dEur starved vats (206005 @) were oaposadd to these atmospheres
(o atelss oF &, Hald of cach botel remained resting shil- e other were
Turewd to wwlme After 30 minutes they were decapttated amt the Vist
drups ot bloasd cod Levtod in i perchlorle aotd for analyses uf
plucase, lpetate, pyrovate, ketone bodies wlanine amd glycornl; the somain
{0y blood win valtevted fur assuy of insulin oo pon-estorified fatty weands
(NEAY. Resuits xhoned the oypeeted differenves betwern exerciving and
cesting rats bnoadl envivonments,  There mere some diPforences between the
group ol vesting animais, those dn B hyperonicd showing o Jower Do
lucoue (oot compared to A amd B (normobadric} amd an bherease i NEA
(o 0.08) eotpurod to B Hoth hypobueie snv ivahents (U oand 1)
Wigher hotone fevels thin the otaobariv ones. The oxsreising animils i
Coabd 1 oshowed o bewer plucose tevel than th A sod 8 uacconpanted Iy o
dittevence tn fnsaline  The andwads o D had fower tavtate snd pyruvate
Teveds (1 coous amd 1000y thun the other envivomsent s and higher REEA
ad S-Hvdraavbatyrate (10 Uk The serfes contiemed variier fhadings
wil producead others which weve new probabis due to thproy ements 4n
technige,
Reforewe  Thmson ® de Gy Gras KM, Sy the B oond Albertt k6 MM (10",
Mol Avvonaat Lyne vt Spattate, Mod Subaguat g ot Bvperbare 17, pde® b,

-

HEAT STRESS DURING DIVES IN WARH WATUR, |, Holmér® and G,
Kihdalplm® (SPON: A Muren), Dapty of Occupatlonal Heallh,
Nutlonul Board af Oceupuilonnl Safety und Heulih, 5=171 |4
Solng, Sweden and the Stute Powetr Board, S«182 B7 yullingby,
Swedan,

Divars ure exposed to warm, or aven hot woter 1n Fuel
bowine in nuclear power plunts, In order to lnvestlyule the
tharmol sdruln ussocioted with dives §n warm wuter, twe
divers performed Jight work on o bleycle erqometvr oltwrnuting
with petlody of resi, The sxperiments werw performed in o tonk
filled with waler, contrelled ut 34, 30 ond 427C, respectively,
and exposutre time was 40 win, The (lvery ware vnderweur umel
a rubber dlving suit, The Lhermal struln fnerevars) with {n-
crousimg temparotvre of the water, In walep ul 429C budy und
meun skin temperuture wate higher than 19,0°C, subjects falt
the condltlons Antolarable wml exposure was Interrupted of ter
J0-43 min.  An lce vast, worn under the sult, redveed the
thermal sdrobn, resuliing In lass Increasy in body und mpan
skin temperatura and, consequently o lower rate of hody heut
sturuge,  The heol slrens durlng dives in warn watar
necesditater Limltutiony of the durution of U dive wilh !
respact to netivily ond tempuralure of the water, The couling 1
powsr of an lce verl mokes ponlhll‘tn double Lhe exposure !
time In water ut tenperotures 19-45°C, |

AR TEDCTROMYUGRAPIE U ST aF SV (R THMLRSEED HEMAN SR ots, 1A,
Favesod 1R Prtyvhy amd Ko, Poson® (6MING M) Bemlgod 1y, Dleprny
mpnt ol Phawbadogyy Soliecl ol Meltotne, Mivornles of Mot baluth,
Buluth, MIamenota 49K

Althangh whivet (g thoan Datedne moscular setbetivy selabdendy {1t e
altent (o B boon pkd tooan anadvein ot the Creguency and amed Lbake ol
ehentrumvogtamn (FHYa) Hrom the tvolved minulatute,e ntelote, thin
whudy wae undertaken tooguant leate poeh parametvrs and admes o determim
e s b op gloup o moee tes whiboh 0o demustigle vleirdbosl mtiy
Te b reaponse Lo Dametadon Shgu codd water 0% 1900, Wpelan wiptaoe
ehectiales wige placed on the Todlowing mane boa: mawnetaes, Llapeziun,
poctoraltn mator . vertan abdomtou, esxbhanal ob Tgue, batTeatmose duisi,
it arops, andetn, Wi, biepm, delbalde, died gluteis maximne ., The
L0 were deratdid on i Bewlett Sfckand N tape bevorder tor baley
froquoncy and ampligude analyats on oA FoE L2 dbtgibad compaten Dkl to
e ey L the tecords wie taken hedore, day g, and nd ter ey
nhoty The voie Tempreatote war wandtoted anbng boeth cecbal o wiod tympante !
medautemnts, bbb tong pet ipheral temperatarens were toonnded oo 0
welectad docattonn antag Balley wantaece thermooapten,  Intrtal tesalie
Padboate that the prodominant Lreguens hoe of o CE R U appedy Lo 4
wovicbal Dande betweon S= 10 Hro trons coppelat lon dnndysin thdioaten !
Pt U s Ioa weds not (D ing tn phase,  Farther, In thilse sbady the [
aheptyod wbiver wis e tuon diop Tn peraherel tempetal ol it g [
g b icatt drop dun the cote temperatcma et weverad mab e be taegpton - £

:

T o S

Vi buctvaned the amplitude ot ahiver,  Faoae fimltogn may provhile
addd) lana) fuformatton coneerntoy spinal and supin wpined ot ool
whiver,
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AUCANALYSES 0F DMERGENEY IEATING BEQULRIMENTS bl PEICUNREL L RANSE LK
UARSEPOIS, F, Hy Wigalore UREvousite ol Texas dt AURTIn, AU, A
mee,

Revout ttal ave bdenta 4w whidoh petsounel trainker s apnaien have beon
Avpped Dt Botth Sea suggest Uit eoenene s bt fpe evst s ahou bl e
avadbable cn 10 whieh are A cold watet, Otherwlae, o fdental
tonn of puwnr feom the surlice suppoet vessel papidly subjects divers to
Huvets cold wbeest,  Hoveral poanthile wolut foun For thig proflom have heon
wropnned, One v to provide pansive Lonulat fon (0 the Torm of blankets
and "y leep g Bogk" Wileh help the diver condetve metalad fe heat,  Another
b Lo wme var lons chemtenl hodt mowrees which supple bot wator eitlior Lo
beat the capaute or Lo heat fudividon] divets. T thin paper the var b
atternat lves are anndveed wilng a compreions]ve matbesn fead model ot Qe
hamany Uhermad symtum togeiher with tectinleal (nforaat fon obiabned 1row
publ tuhed pagers and reparid. The followtng factasn weie consldered ty the
amalvelnr (8 watee temperature, () depth, (B pan compondt fon, (4) typu
o RATMOIL WokR o wab wult o dey wulty (90 Torm o) wupplomontal hest bng,
and (o} Uhae af oXparier,  Cane atadton omploving o computn ool wote
uned to eviluate the tmportaiee of sl Factor,  Kesulln obialmel to date
tifdente that acttyp heat tnR 14 requirid whep Ve envi romnent ol KoM In
Tl box did AmdEvitand Beat ing coguiven wEgnd Cleant by losn aperpy than HpCL
et inge Speclfle nergy requivenenta arv prexented 108 coaprenestol fve
avitomn,  The vesvareh tepatlod (0 thin papet wan wuppot Led under Lhe
Ot dew ot Noval Ronuatel contact KOODYA-T0-0-005 8 witl Lunda prov Gled by
thie Naval Medteal Ressareh aid Dovelopmssl Comnaml,
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ISWUCTION OF CyTOUIOHL 10 a0 iy IFOVEA AN IR ROVEA 20 10 AN W

[ ISRTEP | P W T W Bepartment o
Rinehemist ey, N, wh and o logiend
Setenees Bvisio, Pardue teiveresily o Fort Wayne, 1N Bosns o 15,0,

Both hyposta and hyperoatn produce phystobugival offecta, Some of
fhese eftoctn may b deserthed os o aevlimatbye Ty et they tend 1o adng
wide the doleterbous conmedueness oF sspgen delieit of sacess, Cytochrom
P45 dine oot shown 4o play a rsle in Pt ating the transport of oxy -
et TH Liver al apme wther Uwstos | Longmuye (1020 vt th Pure, Cong,
Wivrnebreutatbon, ppo 3o abd dersas Uhe placentae [Burtier & buens (s s)
fques Mk gbe Pl ond PRgpcot e e Lr80R ) and the Lung [ B b Gurdner 019"y
S Metabodfamaa b fepo ad Ul ATl A Yhevoame in the spennt ol the
Prgment might be eapeeted to tnerense the ef fivlieney of oxrgen traisport
i hypoday By vietae of Pt pednbivels Bgh oftinity for avegen, vytu-
chemme F-480 might alse hove o protective offect An bvperoxia [Bittenbory,
A W g d Py Lo Ao en (00 g SR e e, 1
PR S P these reamoin, woeo studiwd bhe el fevt o) Bypocie aml
Tvpecasin un the Jevels of mowse Tiver eytochiome Podftl,  The ai sl wepe
vapuaed Lo varhoie gulient Pog valiee fup vieeing periods prior ta osnees -
Free,  bapomirg te hvpox o tesolted (oo doubling  of the lesel ot tiis
PUlment 1 Nale an houe, nfter o te andewiec bl houe tag,  Daposire te
heportarie oxgen produeed oo even greater ef foct 1none hoor, but without
wobm phioses Tootest 10 the sechanism of this response 15 locatiim i
lwepalveytes, we stinlied the el fevt wl viclous smbiont Pog values on the
feved of vylochiome 1450 1n fsebated hepatoeytvs,  Eaposure Lo anosda
reidted B pediet b, there wae a alight reductfon 4 notaoda apdd v

HEVEeanl by reasen B beposta asl hyporosta, fhoeue e regsen wore ol
Sehind By Pnbdbitoes al Cratseription wnd teanslatlon, Wt bese senthesis
Inlbrtion s po wfTect, s Uhe whabe mechatbsm ot tdnction 1
ottt the bsotated celd aed Bvolves eatein ynthesgs,

ool 0t

]I
Cing, I7) tys fokyo, Japan,
bept, of llyglone, Baltama Mwdical Hohool, Haltama, Japan.

tn order to evaluate the ulfect of novmobariv and hyper-
baric oxygen on oyanide polooning, the intvacellular
oxidation-redyction state waw obuorved {h iituen New %ealand
Whito rabbitn by dntecting the flusremcenca of roduced
pyrldine nucteotide which rveprosonted Intracveliular rodux
state and indiveutly indivatnd the function of the rospire.
Atory cvhafn, Antmale wety anaosthot|ted with urethane
(L y/ky, #.00) and pontobarbital (10 my/Rg, 1.v.), and immos
biliwed with pancuranium bromide. The trachea and femoral
artery and vein ware cannulated for ventilation, measuremont
ol arterinl blood pressure and adidnistration of 1000 ppm
KON wolution, ‘Mie animalw were maintained on a Harvard
roupirator at the rate of 4590 ml/kg/min.  The loft Kidney was
carwfully expusad on the bavk above the retroperitonsum
cavity and then the optival fiber for flucromstric moamute-
ment Wwas set on it,  Altoration of tismue Gxyysn tension wau
oatimatod uming platinum polatoyraphic vlectrades (0,2 wh in
diametnr), and slsctrovardiograms were monitorsd, Tho data
obtatned {n this study indicatod that oxyyen had an anti-
cyanbide activity, amd administration o hypsrbaric oxygen
Apbaared to ehhaboeed Lthe cyanide detoxification, HRome inter-
apting impllications warn discunsed from toricolagioal polnta
o view un tha resulta vhtained,

o
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SESSION Vi

HY[ROOLH OXYGER LXPOSURE OF RASIITS AT 30 ATA WETI0 MUL T TDAY SURVIVAYL .
Hureil, Laboratery of Aviation and
i Nattona! Defunce Rescarch Instis

tute, Sweden,

Atter the temdnatlain of the Thist serbes of Uydros dives by Qetier:
supttnn bn 194, eaprelmentation To thly flebd way not cesumsd untl) the
Tate slathens The results from Hydiox vaposures uf didterent specla
Ingtudlong man gee 1o o great vatent vneouraglng, but (hele ate alsu res
purts v Loxde ol focte of Hydron, According ta & Fronch group Ihe varvis
vab ul rabblls breathing Mydeoe at 30 ata s Tuss than one hout, Stice
thuse reparts are serfously bnfluencing the eapected appllivabi 1y of
Hydras as a diving gas. btowas gee baed 1o ey Lo teptuduce the eaper fnents
and Juuk further into these problem,

three rabbilts were comprorsed ol 4 Ul each placed (0 g Sepdiale con-
pattment 1o W00 THEre presture chaobeeo Flectiosiatdlogram and subuue
toteows temieralure wete tecorded cont Inaous by, Comprassion was Tt
madu wlth aft to 1.7 ata and pure nibrogen was 1hun added Lo a prveaute
of 8§ atas AU thly prossine the chasbor atmosphere wiy changed tu 31 0
I Hy Wydroat, Forther wmptosslon to 30 aty was ade with Hydrox and
putu Hz, Botton Clmes wore 26 or b8 I Bustng exposure the PO was hepl
at 4.7 0.5 ala, e PEOp ot 0.005 = 0.0 ata antd the chiambur temporature
FYRETIC U o

Syt rabbilts bave bewrt eapused, OF these, [out bave been eapoxed 2t
3 othws with yome werks To bolwern, o Tar all the anfmnly have survlved
theye vapasutes wilhout esldence of toxlo ur other T effects,

Supported by Katlonal  Swedlsh Boord tor Tedhnbeal bovolopment,

HYPLRBAR(C OXYGENATION:  T1SSIE DXYGEN CHAMACTERISTICS IN CHRONIG, Sont
TISSUL WOURDS, P, S feld,  lyperbaric Medicing Division, Hrooks
AN, Texan THZIS, NSRS

The healing wound represents & dynamic mixture of cellular metah-
aliem, Yocal blood flew and gradiemts of normoxia/hyponia,  There are a
numher of disease entitisy {n which these parametery become deranged and
result 0 4 chronle, nonhealing wound, Only through optimim wound capil.
Yary blond flow and tissue naygenation §u the wound abie to heal,  Ong
mechanism by which HBO apr.\unt\y alds the healing of {schemic and
hypuxie soft-tinsum woundy 1n to raias the wound onygen sufficlently tn
support tisaue metabolism,  Our clinical investigation s a study of the
vhanges In wound oxygen tension during normobaric and hyperbaric axygen
sdministration,

Wound uaygen tansion wat measured In chronic nonhealing, soft.tiswe
woundy with & polargraphic oxygen elsctrode, Measurements were taken
prior to HOD and 4t weedly intervale during the course of treatment,
Mrasuremsnts were recorded for sach patient at | AlA and 7.4 ATA pres.
1 Three lonj«term {K-24 weeks! and ten short-term (7-4 weehs)
patients wore evalualed with tissue oxygen measurements (four patienty
were 4140 evaluated with concomitant radioisotope wcan metabolic atudiey
along with the tissue oxygen measurementy),

These Inttda) studles indicate tha' the uwe of Listue paygen
medsuremsnts, particularly when combined with metabolic vtudtes such as
thallium 201 radioisotops wcanning technique, promise to be valudhle
adjincts In the medical decinion.making process when dealing with diffi.
cult, non-healing anft tissue wounds,
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SESSION Vi

APBEA) RGLEART CARDEGPULMONANY KT SPOSSES T FSERCTSE WTTE ATROAND HL 10
ONVCER AT L ALAC Tt Flynns, 3y 1L Leann, Ky Greene, B, o, T
amd KBy Loy < Maval Heddoal Renvar ol fnat it Boglosba, Mary fand
s,

Petr mabe wabipes O per boriaad cont S bjyve be vxets (e at BUFCNRTRN Y
ek aetal b capie (B g 30 mln I the b Lalniatory, Vaepet consmug -
Ctomy hedare iatey cardfn pre=efic Ulan per bk, eontr fealar s Lot b (e,
sl vardiae output determined by thoraely tmpedanee were meanured gt 3-min
friteccale and found G be e sowe whethet the s et breatinad aty woan
A0 bl Bum= 0% ovgten mistare, 0 comirant, pulmonses vont § g ton W
Al teapitetory Jregiees wets fnebedned U aed % 30 aml Uldal ve e
docriggad 0,00 wii oltom (F © 090, P lanea vpbuepiirine fueteased ey
fram 40 pyr/ml to VIO ppzad over the W-min exeyelne fnterval,  Che [
wiw ddert teat wlth both ale wd helfun,  Flanma torep ek tye o an
Inerwdned wilh exereine, bat the polatjve chanme wan s et e mapn b tade
it cvmbdupab e o v fabfes e elea G0 foronce Between e and
Welium wiw apparents Chese indings puptgont tat e b im-ogvgen breatloing
al U ATA dovn not alter the adremstale of cardiuvamlag TOHpORKE {1
e e s s Clesnt Iy Sat D ehanper tn pulmaery veot (Tt fon von e
detvetody oweyin

IRELUEHEE OF EXLACISE ON VINTILATORY TAPACITY AL BERTH. AL hacho ! and
Co bundgren, dyperbae ke Res, Lab, Dowly ol Phystol, Suly Bt Tafo KY W0,
TOrwercTee entances vent laloty capacl Gy et L0 atm an medsoted by mas e
mal veluntary ventibation and eapirarony Tlow,  The present study [nyost ).
gates the wame phonomenon [n subimebued sublecty ab deptin, Five sobicly
porformod maxlimal voluntaty vend D labion (WYY and Torcod explral Tobs durs
bog costy saercisn (30, 1948 mnd 200u) and COrvahe Lithalad bon while bulng
submerqud ot pressares ol 3k LB and b6 abne Bponlaieogs ventl bat lon
durtong maehmal vxnecbun was ocasuied separately,  Independont of prsssore,
MWV (ncrsaned iy about 103 at Ve heaytsr workloads aod eanlialiny o ot
e ob vital eapae ity Poctoaned by abuut ki, the Tatbor Ingrease disvap-
prar g within 2 min after wacrclses AL LG alo the warcbse canad an B
orn B Ineruase Lo onds Lidal C0; tendlon,  Carbon dloxbde Dahalatlon In-
croasbng the pid=tidal €O by we (o about 20 oo ) dutlog dest Bad no el -
Teet o B and 4 sTlght o moderate wblicl o Dhow, Thotpasing it by
adximum of 200 at hobatm Av b 10 sl RV L et Increasus with
brvathlng braguency,  toweyer, Tnogeneial, The beaathlug Treqguncy vaed by
vk sublocts decendsed dut b waercives T v oo luded bhat Use eniang -
Tog affoct of exerclse on WY amd eapleatory Tlow at depth prosumably was
mabinly e 1o wdETEml aubonomie seevous actielty redacing puleonary o
reshulanen, thal €0, accumglalion played & nglintbie mley thil jaselve
distension of alewayy played me rode, amd thal the esercbse phanennent of
HYY vcenrred dnoaplie of & possiblo cotarding (ol luebce o BV iy Tiw
braathbng drequencion sdurlng vaorcise,  Submeeston {1 o, water Tnertia)
dbd not altect BYW o maxbnad eaercise ventdfatlon, A coryTderatile tndiyls
dual vatlabfon i the relation botwesn spontammns vend b iatlon ot g maas
ol omeredan wmd By (0D < 0,930 qoudd e aner bl mabndy ta var latbona
In MYV, (Funded by OHR and HHRROE (ORI Contracy fe, HOuoth- F0-C D00,
Yol lim undee the wiplons ol Hotsaugban Unde: water nst ftuted,

OXYGEN1

DIFFERENT[AL PERFORMARCE BPHAVIDR AFTIR A A0<HDUR COMPRLSSTON 10 450 MSW.
Chedstian LEMAIRE. Hyperbaric Research Centor - COHEN - 1300 - Marsoille
Teden 7 - France.

The cttects of a 40-hour compression to 450 msw ahd 8 d8-hour comseopt |-
v sofourn were studied on B osubjects from o pertormance point of vipw.
The tosts in use were 2 senserdmator tests (manual desterity HD ang viegyl
chofce reaction time VORT) and 0 intellectual tests (number crdingt ton R
and double figure crossing BECY, The tests were perfurmed always on ter-
ning, iwice during the pre-dive at 10 mew {(vxyshelium 4 I“m o L4 bar g
l’lN.} « 0,0 by 46 huursz ad twice at 450 tmw (oxy-helfum’ 7P, 0, « 0.4 b
Yl o 2.0 bl The results show an increase in perfomnance hu{whnn the two
s‘rges At 10 msw (3 and 4 4 for the sensorimotor tests, 7 and 10 4 for the
montal ones). At arrival at 4b0 msw, compared to the Iast serfes of the
Pro-dive, 4 nean decreament s present for 4l the tests, with values as
10w for HD, 61 for VERT, 11 4 for NO and & % for DFC, As noticed during
8 provious dive (JANUS IV 1 8 subfects Py o 1.6 by compression to AOR
msw {0 24 hours 1 LEMAIRE and CHARDY | Rey, \‘d. Abro, Spat, Dad, Sub. lyp,
16, 1977}, vecovery is evident 74 dours after the end of the comprossion,
tut {n a differential mode, total for VCRT, maderate for nental test and
negligeable tor MO, The comoon cobelusion (P dives at AOD and 450 misw,
with 16 s\mJer(sl i that, 24 hours after the end of the compression, vigl-
Tance/attentfon 15 no more Impaived, that menta) ability §s longer to recoe
ver anc that manual dexterity doesn't improve during sejourn. These rosults
can ditferuntiate the effects of comprossion versus pressurv, This knowed-
ge comstitutes a ratiable basts to cunsider for the CONSRGUENCES O OpEras
tional capacity of the diver §n this range of depth. (Reseacch supported
by a DRLY grant 79/131).

ADDITIONAL ABSTRACT (NOT PROGRAMED)

HYPERMEIRLE EPEEC TR ON OIFLRATOR 1) RFOIMARCY
TR Bachradch

Bethenda, Y.

Thin atwdy wsnensed opeeator performance ot the oo

LI T T
Medtend Reameeh Tiwt o

Soavy, Ty

PRI OND L ATMOSIHERE DIVENG
atnd 1 Langwarthy  Suval

wtmoapliere diving

ayntein LML whid be manetve e o thae UM svaten 1o mibd 120700 gid winem
(MY witer. Ghe opeentors were 4 10E, Have divers aml 1 OHOAA diur,
a1l heabthy majes bebweetr S5 gk 38 yeirs ald, amd evperjomoed (n the
apernt fon of DM Teabing wis condicted gt the S0 Sary Lot iwen Sl
buefy sporator completed o mingmin v 4 dives

Diving Mit's bdoor pood.

onder wach of the & witor Tompeyant s

Loanta ar gtoep maneuvers wore cotbivted.

U

s lialive 5owndba af bt and

Ik cump Lot ton times, [y,

respiration vutes, core winl aldn tewperntures were reconded  Walb

S

s e ekt o

vompletion Vimes b 30°C (0 v b secd were s cant by faste

I« B0 than walk fumes ot 20°C [n » 1) weveds howeser, heart 1nten
wWole highee ot Q%0 during wilks Ty < PV than gl WM s g0t

§o LUBEL i U sbep maneuver complotion bimes at 3% were signid
cantly Faster (a = ol b s, P00 amd heart pates higher ta e jalh,
PoooLuB than complebfon tines (v s BN aec) anmd hemrt pntes o= b By
wlogote, Wewpirntfon enten dhd not vary signitivant by an a fonct fon ol
Bink ab witer femperatotie. Moy 40 minutes of wolhing the suie i o'y
water, cate temperatinres eavhed s high as S50 cnbin temperitines
syrpagiml S 6" with high humidity, Phla dnta wml puat dive epotls by
the oprratore siggest thint the daration ot VM bive opergt s (o i
whter Mgy b Limptod by hyperthermo atress
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MINI-PAPERS

::i 3

TTH SYMPOSIUM ON UNDERWATER PHYSIOLOGY

In the interest of space, references have been eliminated from the following

{ mini-papers; however, all papers will be printed in full, including

3 references, in the Symposium PROCEEDINGS.

|

¥

i; g

! b,*l

| i
)
i
1
E
¥
x
4
i
' |

23




OXYGEN TOXICITY

MECEAN ] .0i(8) OF CENTRAL OAYCEN 10 1Yt A RE-EVALUATION, M, I'y Fatman,
W, 0 Halan, b, Bodd, Jotw 11, Saeehier, Rlohand €, Dirks, ky Lave aml
T Ad Zompal, Nept, ub Pagmacology anad loxtcaluge, Unlversity ot Kuonan,
Lawrones. K8 nbtah,

Muny theorlva huve tuen proposed Lo explalth the mechanisn(s) by which
OAYREL it DIgh presmntbe producsn convalgiaue,  Thess includes the axldat ban
af ke eozyme sulfhydeyl gtoups, wlterat fomn (0 the GIZGRRG redox ratla,
Tiptd peroside formas lon, nxldat fon of perbline suctuotbdun and subgequent
fhibitton ol envrky metabotiom, n ducrease fu tntraceltulor kigh wnerpey
Phoupbated, Cormat fon ot superoxdde andon amd Wvdiogy raldeain, aud Cormat fop
and deeamlatlon of M0, In bratn celis Teaddng to (neresded oxidant strons,
The mabntunance of oormnl bradn yeaminobutvric acid (GABAY, an (ali{ibliory
tneurotransmitter, alne las boan puggesced o play an I0poreant rode 10 Gavgens
fnduced convulniome,  In ovlow of the many thearfen propoeed Chirmughonl G
Yast 100 vear o vyntemat b (o=depth studion bn the 1 tact andmal were underlikon
o resaxamion the maiy proponod mechianismind ol oxegen convalsions,

MWew were wapumnd o variony nreasuren of JHE axygen ot o modd sl iyper-
Bard  ehmber po conktrncted it the animals could be wacri fleed without
the wrad for chambor decomprennt g (s ebimfuating potent fal decomprosslon
alfvetu, Hler wore ekpadel (o Lhe onpgel pressiren undoe abidy tar varbouk perls
ade ol tiwe, wlith thowe oxpesites safbectbog a poeconvilalvn period, Mice alno
werp naced! hewd ot vartone wtagen of cobtral oxvgen toxbedtyy nueh an byrers
avtfyety and relrure onavte Vhene seviral vxposube beglinons vere eloses 1t dn
atiompt o correlnte anv observed Bincheadval chimges wlth the aneet uf wybploms
L venteal oxvien texlediv,

ALLer wapusure 0 the wice ta the BIgh ukygett prosaure [or the approprlate
time poriod, the antands were wacrb(eed, the hypeslaric ~hanher degomprassed,
Ve whew romved, dind e corubral vortea caviued,  Thy vardous binctenical
wubulFates ta be svndted were then determfon,

Iy ples expord Booboatm uf 10D axvgen, e ehunpen e cortdeal AT®, oxlia-
Cloit ob ponsprotedn sulbindovis e radueed glutathione, meperoxide d it ane,
anl Hpht perorode Turmtfon were toumds  Sorehiral HADMY was ineveased amd BARRL
ducrenuml, with theno clunpes eocuttyg v woan as the mice wore exsused to e
&oatn pressares Beochange Jnoeortieal HAD wan o, wlBeugh HADE dee reased
AU mapioun RYRPN crpontbs Limon mid stsgen of central okegig tonlelty in=
vortipatud,  SIntdar changes th HADED qid BABIPY wote Lovnd b mlee eapiianl bt
Ly 05 ot boatm ol oxyginy, while singlar changes T HARY el BADIL werw £onnd
AL LS aml bty The Glen'n for 1y By atn and boatm el 1004 akvgen were 1
hry B aml 18 min vospoet tvadv, etate, the portathet ton of cetebiral
Pove s of pyeldite e bent Tde o eatinse e vorrobntod with sefeure e,

Corebieal HABA unl ghutannte decreassed ay ol an tder Wets sgpaed fo 6 ain
el ooxvgen,  Glatmnbe aetd decaehoxs lane AN aloe dectednmd o bat Jager ex-
RIS Ll Wore Gederdary,  Gerebrgl glutamlue e oaned o thoe vy foun ok
wmnre perdadaa e carrelat lon bidween deesensed cortlvel CABA and lnetvaned
HUHCGPEab LT ALy to onvgen convilclony Wik vheervad,  Fuet ot freesan tng
tradn GABA by tnhihliing GARA temmamlinane (GakA«D) d3d not proveal urvpen
cottululonn,  GABA uptalie Tnte avtptunomes ot corubiral vortox wos vnrked by
Lubibitud by okygen, but thin (ahibliion conld aot be corteleted with OUYKEN~
Stuluesd sofauron,

L vonrdumion, thewe rosudts from astatled 16 yive sladlen do ot support
the variouw thentlon praviounly prapoded to explaly the misubinnlgmi(s) of uxvpen
convululonee  Miseonesptfunn a8 n Fewult of apecalatton, and a fnek of {a=dopth
shudivn have propepated o romeous thearion in explatnisg the caume of onygen
convellunn, A vew hypathents 1w nuwded, . Yurthormore, woveral of the binchomn-
Lead paramstern wtudlod (NADP+/NADPH, NADH/NADI, GN0/UNRG Vipld puroxtdation,
Sub) are uot alterad (it biradn but have been reporied by sthers (o be altered
A Jung ol antmeln anpuded by nensconvalnive xyuel pressuren oy profongad
verdods Tt appears that different meetutiam(s) may bu operarive by wvhich oxy=
A cRuen contr Al and pulmotiey toxlefey e (Supmrted tn part by NI grantu
MR-0174T wd GHSR2387, wnd by ONR Contract Numbir NOOOLA-24-C-0i60,)

%ok e

I VTN THAL BOLL o ASMASES IS oI INPHCHE CoSRIE ST, b B Banader il ALk,
Sty Kiwestolopy, Smon Faser Dnversits g Bomabs i, GINATL RN e,

Anton L T fmnd eatenive s dhoman trsetie during the comse of ol
tetabal b and 1 tite of fotntion b vonsadetabiy meres sl shiring abte )
stntos,

Ao 16 rebrnaed to Dload Crom mesc e b partivalat Iy Targe mmomnty
durbing ene e tPamas b Mecaleweb D 1001 and I Borhe te bl meuds s
Uschwart., Lawrence & Roberts, DA T mese be stamondi fommat 1o 14 iy wone
fustiend v decrease in the tevel of totad sdonime monate Tesd ides chha e Thab
I Momtaie ey 1908 e a preeddue Uit Trom Doth neeve Erase il B sl on
eoclecn o] sthmlat ion foweld docomented taen R ey Tl Vb, 198 0,

Fmenstoin C1970) T olmerved it the omsant o8 ammon fopoe] by brain
byl cles trcal s Cimlat ton gteat by exer o the amoml that conld e
formed by deaminet ion of adenine om Dot e aone o ad that an ad it Lol pao-
Tt e sobitoes B deampat ton ol wmino ajds Ve et ite o glatamate,

Brereenamd simonds gy bivce veporbed the nommal cate ol st ol
TP beph e stages g gt Iv|u'n Apen g ereeephinden bo e o e The
slich e elovated B bt o The D girer elucthocomnl e ok treatnt

ol bty el ade cbmn g have ol sbaeryed an e reas ol (nteyver of
Bra i cabechobamines medvated oo VT sone aid pagen eapasiae, e g
s el ed 0t tanentonal deachanee and dewminat fon ol cates Batamiees e
vt o A eheetvat o, s ipdtcat o of oo catednlamne, as
debrdte wontoe of g wiemda duefire pevodes o iese sotdad ae as tivgts .
ok,

fhe eaperiments teparbsd hete have bevn to inestipate.

o the tos oo »oab claoge s the cocentbial tos ol GAIRY, Simbania,
schubamat e, elutamoe g sdvenalrne il esiepinegbe e gy
fovu 1y,

s T Ly A potent Ll s ol oaresst s aabien, ey wies bt
Togh ovepen pressare ity

SESSION VI

HATERTALS AN METHOIDS

At firaups

a) i course of hradn snd hiood
Fats (BT WS RTTGUATRT to contio] i o K}
vonvulsive activity, Bload amd brain swples were tuken for analysis of y aming
I:Illltii‘[l;lﬁ nedd chradn only) sswonia, adeonnl ine wd noradrenal e plutimate and
¥ M,

olites during lyperoxia,  Growps of
X| 1ip

Product fon of

b1 Catecholamines us o potential wwon i sowrce durlog o
tram of Tl The ey 'Not'lv"uiiiéﬁi'ﬂ T RIEH Dressuye Gy g trentment
with b-tivdroxy dopimine, hexine thonin, astothy e tyros Ine oy wirenuectomy
respectively to alter the concentrtion of catechotumines in the bisod or brain,
Amwltii, glWtumate, glutamine, yamino hutyric acid {brain only), wdrenuline wyl
novudrenal ine concentratjons were moasured in bload and braln tisswes of both
conitrol and oxygen convulsod aimils,  Oxygon exposute of the animals and the
propiration of hrain ntd blood tissue for mulysls wis cavrlod out ns doserlbol
previously (Bunister ot ady 1970},

Blochomical Awlysis:

Catecholiwinus, Blood sumpies were contrifuged with S-ndenasy|-1-(methyl-
M0 methTanTow wid QoML Tor 1 b as described by Passon and Pouler )(l!l'i.\l.
Aftor Incubut by the metanephrines wore separited by TIC, oxtracted by tolusne,
wnd the padionctivity ws detomined In each Traction (Poxsoh and Potiler, 197Y),

Ol UXJIUNLTL,

bt

Hruln Cutecholamition,  Bradn swples were homogeni zed with cold 0,2N perch-
lorke qCTWT T VWY und contrituzed, the 14 of the supemitant was adjustod
]t,n l7.? 1(»;;]1_(:;1 wh wus used for ostimating A und NA s dexcribed by Pusson und
Tuler i8N

oo wnd, Bl Armonia i Aning Acidst

Blogd, Serum was separited from the bload by centedfugut fon after ol lows
ing oTotting und an equal amaut of cltrute buffor was added and the solutlon
WS kept ot ioom temporature for 3 minutes,  Protein was preciplitated with kot
othwiol and free mdno acids extracted twice, Alvohol wus removed {rom the
Final extraet by evaporation o a water-beth at 509 and ambno aclds in 0,05
0ot ml of the residuwe were anidyzed by the procedure of benson, Cordon b
Pattersen (107).

Brdtl, After exsnnguination, the braln wis guickly romved, welghed und
hopt Coldy Lt was homogendzed 1n 6 ml phosphate ltul‘l‘l-r)(pll 708, ‘l‘h: honogen-
ate wan centpdfuged Tor 1S minutes (2,000 g} awd the supemictant romved, |t
wik doprotentzed and wnine achds exteacted twice with 808 ethanol,  Adcohnl wns
retioved rom the Uit extract by evaporating ol a wiler-hath at 5401, Anine
rl«_v:hl'nl(n lﬂ.u!‘ sl mboof the Minnd resfie were amalyzed s previously diseribod
or hlood,

RisULTS

Tahle 1 shows the time course of Jionge 1 concentration of bradn tissge
voteeid pit [ons of GABA, mmonba, plutwmetey glutamine, novadrenatine and adren-
atine durtng high prossue ugypen oxposure, 1t {w uppurent nonowsal ainals
that there T relutively Ttle change o the mgor Tesetion of braln entecho-
Lamines (only odrenatine changes slgntfleantlyl,” Howovor, o slgniCivnnt dne
crese esurs I hrnn amonbin wnd GABA s sigdCicant iy depletwd,  We e
previously observed (Randster & Siagh, 1970) thut noradrenal ine, wdrenal ine il
ol concentritlons all faervase shiirieantly o the elood wtd L convual s bons
creor during by peroaia,

‘ftable 0 vhows the elfect of vartous procedures which interlere with catoeche
alumine concontration In the brabn and blomd,

e etfect ol o-00 dopumlne §s to prodoce n chanica) symguithoctomy by pe-
placing NA B the vostetes af 1he herve mndings, Alrenndecloms elivetively -
moves the chicnlat g cotecho lamined Cron the mdrenad medobla. ttexamethonbun
act on e acety lihabine receptor site at the pro/post sviipse te interferne
with ctechniamine pele In the post pgangdionie tibre emethyl-petyrosine
thilihits tyrosine hydr an easentinl wuevie iy the svithosis of catedhin.
Lniine In the hraih.

Adrenalectomy amd hesmethon b hoth redace ciroadating catecho bmthes o
rote el deaplie o darge varlabil ity beadn NA amt A seemed 1o aecimabale iore
I these el s than b proge trentod with othee drugs. e point of conval-
ston o adrenndectomdzed mwd bexmethoren treatod antialy vos conedogally
detayed althangh the Cined concentrat bon al sl the meaabol ites studost did not
vary migndtleant by, dn these groupa, fron the others o-all dopamine veduged,
wightfrcant 1y, the catecholanime conventint fon of the bradn bn the pre-oxsyen
eapostre condit fon concondtant 1y brain aonts wis signd fleant iy etevated and
GABA sl tiomthy deploted,  Lonvnlslve Diteney dorifig oxven exposire uiwde)
these comditEons wns considerab by mbliroviated cemethy =g tyrosine ol o
sipnitieant desletion dn brain catecholamines i the cantisl state pran o
oxypen eapostre il OHR Qreatment prodiuced o Tuether s Cicant depletion but
convulston latency rems e winntered From that of the dhdsggped comtrst ahisnl,
M peneen] ettect of producing o depletion of eatechulamines 1o the bratn o
Dlood by cihie ing thelr velease, md hehoe entabolism, tather i by provent.
ing then release oo, wlrenndectony or heaamethonium treatment) b« to -
crease hes i and blood saponing decreise beate PARG B tease geliamise s
gihe and decrease glutamte.

HIRUSRIT Y

The catechobamtres e Tonp heen Implboated s tor ety yesulting Lrom
wavied at high preseires (Bean W3, 10 sk be te twclity with which,
ctechalamines wnd, move penerad by, AT and same anbio achbeg become deatmpte
torming toaic ammm i et Thal by detemunes the convalsdve siate, Ghatmmin
achd weems to Hie at the ventre of g sesede ol events Seadimg to the o tion
of voneistons, Quaste] (I hes desgoated plotamt e ghatamine and GARA
s toming g lutmmte svatem one of whose Dt fon §o to oxert o hutter s thn
Cor agmont o convet by thie divarhoagec e wnimn ac b glulante to g anlde
whutamine, Tt s (e preferaial se of gutamte n this actim bather thin
ts qele an o previrsor for A which i predipitate canvulsave alivite
whet ammonia provkict bon s exeessiyve GARY e PN deptessant and g optatee
inabttary geuto treanitter in the penipheoa! pervone systom, There e
dence THert et ale et b Ber D et oal o s Tor the hutbering of induend
b et by e g CEat o sy stom whitds woudd smoe plabaess wod g it
Wndte iy capacsty withoe thie giutamnate svntom, h)u-ir:m the demands el on
a0, TEtTon svden Ter the dorect bl fer g of armonis el toent when
AN prodict fon Teecomes exveegve pemdtis ieestan, ter il et
buttering of lanin wmonin wonild e Conversion ot -ketooplatarate Ty
deamipat ion dind preserve the mt 1oaf the kel oy le boosapport AL®
Bredh bion Collaborative evisdeiee (o 100 Dot o and oo’ onoon te
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SESSION VU1

adertiney of the pattiey whien wmon{a production 1acre ses has recent ly beeh
presented by Weyne et al. (1978)  Micing hvpercapiie thes s observed
that brain glatwnine and GABA b reased and glutmnine aspartic ol
decreased, Hypercapnio slao stimadoted wwnin fomstion but bratn wmonls Jid
ot dnerease 1 the f1ent hour of Dypercapnis sbeee 002 Tixat fon and anidat fony
sutfleed to buffer U, Glutamate concentratfons nturad ly would irst have

to Ineresse to initiote the but fer action and early Ly the hypercapiic period
one might assune thit an enfuneed GABA tomatEon kouJd flsu oecur s was Dndeed
ubsveryol,
Qe Thxnt o then glutoie and aspattic actd consont tat lons deelbned, s
l_iﬂ'\lnnlmu e the capne oty o the Chy flxing syscems provide an eaplanat fon
fur the above observat lons, “

Flgure 1 fHustrates the et domds piaeed upon glutamite coneen re
tHona duaring hypereadi as o potentind dovistor of a-helo-glutaenmte From the
Krebs cyeloy us' o omgranent of the yglutiy) cyete (Melster, 197%) producing
glutathione for muina neld transport amd freo radical scuvoiging, os proecursuy
i the fomatfon of GARA w nouronal depressimt wad onphasd zos the voiplex
Wlerarchy of o
mrte oerupy contral roles,

) Lt the experimemts duseribed hore whore ever expeelmental maipalot Lo
ol the andsals has boen ible to wttenute the prodact fon ol wambn Fron
oxldative deamination of brndn and ¢ireulatig catocholadnes comulsive act )ye
ey T been deluyed,  Pigute 1 odepicts the poasible tnter relntionship of the
ovetits doscetbed mhove and attempts to ved tod e the phetiomion of conv., s ive
netivity tn hyperoxio,

RoFarenen w11 appear (n PROCKEDINGS,
Table 1, 2 s Plgure | follww,

AL RN CABA Qomolesgly AMMNTA g/ s UTOTAMAL Coms b/l G MIAMIENT Lomibeogt AN

HORAMUNALINE (/)] IN NORBAL RAIS TR S0 Gl R DECLRINT 11 1S 1AL,

Centt od 20 min W omin Lo uinions

16 min 1% win thomin
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Pable 2. Dime b Comvainion DR tnd Bsin GARA omade/gl, Amwiiia [og/R1 Ghutemite colbhe/gl
Aot e CagZRE and AdienalEme [ng/g) beveds i noimil, T diony b, oot
el hy | -1 l?lmlm- Vreated il Adaviles bombmd Habe UG NI AR GERADL 3 Ns
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CUANGES [N (L, VOLAMES FOLIEWEM IRDERBANIC FEXIVEUIE: 4 MANTHESIATION. OF
('I;(IY(WNN‘IDXH‘I'I‘Vl.M da Poobey ked DN Wiider, Unfversity of Neweinitle wpon
v, Nel AL, 1K

A dovroms (0 blood Fhow his boot alisotvedd S b Temore D Done iitore
shirfgg Himinted i divos by Dooloy shd Waldor In ot 11 wie wtulatoed
thut an fncronse in muvrow fol ontl volum might acour during hypeatinee
oxposury, wd i ke, Dy theromimg the teeiatinee Uy intyemadal ay blosd
flow, eoubld aecownt  for the obsodirt ot o eswelne thin hypethisas expet it
Hivee boy ettt doteneig e Ui el volame vt ethition {n o It cedl
Kuspenslon wul 1o invest Gt Lhe ol foet of oxpostiee of the wolts toondy ad
othoy givs i XLMIeH 1t promsues wbove jmsplier{e,

Stialtweowsly, w study of te eorphotogieal appetentice of ful eelbe,
fullowing hyporbintie esposine, s beon caertod oat

ot the purpones af cenpartion the work wis oxtended 1o (e lude wn
[hvort St fon of fed cold votame,

e sspensions of Lolwted Bt colis were propueod P the optdbyad ot
e of adult whito pata usiog w toehndague deneribod by Sntih [ 18070, In thin
Procedsiv, tiee campleto Tet e wis otvod From ome opddbdyiniee of oo ol 3
Dlockn ol i woelgh g 300-000 mgh, Woke oxcismd, Mis tiamue s incabnted
fn Krobs=ttioger bicartonnte buf for contalning cof Lo, ATGsr Invubnt ton,
the Hbormted fid colin wae sepientod By contpiTugnthon, s propoarst o
prowided both a rontrol wnd a0 bl KoMponaion,

The controd suspeisbon s maintaited ot 470 ot sumsgperie pressan,
T (st Huspransion wis placed 100 themstatl e nlly contiolled smproasion
Chimil Wil mdntained ot A during exposure to cemgresast wbe al 3-8 AVLA,
for pordods ol up ta 38, At the ond of thik Ul an ieersent of the volute
af the fat wiln in the suponsiots wiv o by maas of a0 Dl ter counter wd
chgno Ly which dispioyed the rsdt e n volume dind ribat b egme,

Ny mun'rln‘mnm The volume diktribat too eurve obtndiedd foom the okt
susponaion ol it ot e contiel, wiy ehange (0 e vola s ettt lon of
tho tat coll HUMPONKLGN OECureing mq 0 Peda it of exposire e ogirmsed nie
tould e doteetod and the direction of the chirage detemined,

Hicroscopie ot nsl Lob of Both Hindmsd and unstiined projaeat ions of b
fut coll nusaponndone jfter oxposiee to ceprossed fir wad ouertod ot by diroct
moruneopy . dark ground wd phase contrast tochiigaes,

Fam Lhe recordingy obtaimed, §1hustrentod In Fig. 1, it cmd e weon (et

the volame dintribution curee of e oedd musposrion axponed 1o compeosand utr
How to the ehgit af the control sunpenddon,  This wisn found to e the v Tor
ol 1 mnpens obs egomstl Lo conpessod mie nt prosares cugiig from S8 ATLAL
for porfiddn of thee of -3 1 N0 avidonoe of gee Inefasfon in the ool of the
Levil HUAPDAR LnE Wi Mool Fol 1-owing Ao oxpostity to oonptosses] nir whon wing ay
af the mleromaopie Yochiigiese Thiwe nmu\m indicato that an ftermusee Iy tRt
coll volume oecurs in vitne e a remi it of agositee 1o comprsand alr,

To olucidute the mchiniben of the idorvod Dnersse (0 it oot voline,
they Heprate ef foetn of inerewdd J0g, Ny and prowsirs was {avest [getod.
Hovmm, g wiee stwted by Hobbnson (0 10707 14 tx probabie that colinbd ommod e
Prysidure [eown dmportand factor in (e prithobggiead el g of colla, e
wffoct of inerousing 1 collobd ommot e prosmsiire of the suspendiig median on
fid cedl volume wan investigrted. e offoct of hypetbarle expesirs on Hed
oo lh veTame, An v, Wil REeo deteemliesd

thing the technigue doneribed move, the sf Bt of sxmmdg tat cotl
MUt o Che following gise onviromenitn wier dodeaminad,

W, Trimix Nervw m,‘, Wl BN, with He 1o AT A,
J 1

A e gl et o L G s £ S 8 g g sy f
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OXYGEN TOXICITY

t Oxyen mdxture Nomwd 5O, with N, 1o ATA,
e Unpen URIC at 1 ACTUAL

Subsquontly, the olfoet of ineromstng the wollold gaotic pressuie of e
susponidbng modbum was (nvost igiatod by vepent iy the oxporimnts with fat colin
awpended 1y Kt dtinger blenttonnte buffer cntnbning bovine albanin al
voneentat honn of 20 o 0 wiv,

Fiund by b vomous blood saplon, 2,0 ml volume, wre plncud in
hoparintsed plat te contadtors, mdbtidbed 00 7% md exposed 10 cmprodsnd
wir ot prowsures rongdng from 3 AAL < 8 AAC tor perleds Trae -0 0
duration, AL the vad of thin tine the vidum distetbation eurve of tho Red
v bl wan detomninml, ustig o toeliigue Bimilae 1o tint doseribod dove, and
compired with thet of @ contral sumple from e s donar kept at atnapherie
pretuute, Mie otfeel on e obsorvst wll volume chimgen of introduciig
Lithiam tons inte the venows blood seople priov to oxposule W ocosprossod wie
wib adim invenl igated,

The tesulta of Lheso experbn - (s ey bo st inod e Tol fowa:

oo e sodume dEsEMBUL Lo ctves of Tt colie ospoded to 1006 oxyaon wt 1
ACEAL were movied Lo the pight when compired with those o cantrol suspoisions
exposd to ndr at 1 ACTAL (R W),

% e valums dIREMDBULON duryuR oF Tt colls bxposed to high potind
prawnties of Hel lun o Nitioget but with don m.4 wore uehiigod T thoae ol
L] suspensiols oxposod 1o ale at 1 ATA *

4, Wheh the eelle weie suspondod (ol of Kresaeitingor blearbonto
had For contadnding albientn 45 w/v, the volame distribution sueven of fat coliy
oxpsed Lo vomprogaed ale ol pressires saging fran 3-8 AT A il nlao ful
eol i oxposed 1o 1006 oxypen it 1 AN A were Lo the Toft al thoee of control
Bpersionn, N volume chige ocerrod i caliy oxpossd o lgh preting
prmsures of heltum or nitrogon whon stspanded 1o this medbn,

4 e vole it jon cutvos of ed cotls oxpaed to conpressced afe
preRUles A0 exeess of 5.0 ASTLY were T e right of Heee of contiml
sapnisionse il volume ohotpe wiks Toid G be proviadasd of seversd By the
musence of Hitnun lons {n the binod dumles,

Fram theso teaalts (0 0 anheludod thint
:'A Fat tolls in suspotsion ineroded (6 volume on oxgrsis Lo T0E oxygon i

Min Inerowse (o volum wiss ahis lae Lo thit wsen fol Rwing oxposae
to wamprossed nie at -6 ATA,

e dlyporburla oxposuin To s mixtune of el fum or nitogn contiaing
axygen nlo nonmd prctial prossurn haed o offoet on the volume of mt eolis.

Heo A doudoise 1Mt ol L volum wive soon Tl Lowing vaposuse to inth
anproseed nir s JO06 oxyren whett Albuniin 4% w/v had boon dkked Lo et
samponding modiun prior to oxposute,  Tut, bo chkm I vatwee of it cells
Wik idad (n u modian sontaining albumin wis produced by hyperbiele expoaitu (o
e mixitog sontadning nilrogen ar bo .

A, led eolly in viveo dnerease i volume stios oxposisd Lo comiemsed alr at
prossreg (i ogeosd of B ATA This volume dnererss s modd Hed by the
P e of Withiue jons (W sspobd g hedlm,

Chinges [ volume of Tl colls { vitio fve ooy domsmtantid ol lowing
ONpRHIY Lo Bolh comprossod nie g 100 axyitun,

The we of the Coudtop Gountor md Cuinel baot Tor st ingg the volom
diatetbutton of particolinte materind 18 widoly mewmitod,

IHRCOUe e T iReasi g TaT co Ll Vol bockibe of wids aia
distedbution (2-1000 dine noeal) und dndivicinl mid ticsue dECDetoneen inve
bewtt avoldod by uafig o ool D smmpension propiovd Tram cie eptdidpmt Pt pad
of u given Mt o provide both teet e contimol s,

Mys Ancveases W0t coll volume (ol lowing oxpPosiiN Lo conpiivmsed 1 e
apows Lo remi LU from the high paettal prosaire of Ceon, Hypotharie
oxpodnnn T wid o tiwe BU, e ined oot tesatted dn oo cliogo e eelld
v lume, e luding pnmmud POl HO uH bocuuMs] fiotor

Tocmproanl o wore ot perfomed secovding Lo tables w1t wiw Tolt thid
the dynwntes of gus oqui Hbrrdton In those in vitmo meparat s wuld it
e lo Ul of porfused Llends,  Howover, R ACReAG 10 TaL cell valum
v chtmotntEtod to ety fo) lowlng exposure to LOUR oxyret, Roquiring o
deomprossion, 1t In vonuluded thel the tncrowsd ool volume chosid
fol lowlng okposiie to omprosiad RET occeurs during e oaposurs, wnd b ut
prospute, il rosul B T wn tnerensed pRItEAL DIUNHUIG OF oRYRY

Ad the mintalnknoe or a constart volume inw bisle funet fon of mwmm il ia
colin, thin fnctomse in fut adl wobmme in coanddored o be o manl it ion of
nxygoll toxicelty.,

Tt As aow mecopted Thit the maduniaen by which colis achiove & comtrat
vl i by the netive exteuston of wodiam o to maintrln an osmotic
gt nepoe ths coll maodsiee s oot by e lueing e cobiotd oset e
prousuiv of the intreoe balee 3o teine, i e $h ot aed] yolune
ronlting fovm oapostion {o high 199, van therefore be oxplained by portubng dng
I Lok jot temy of oxygen weting nt"the ovet of the sodiom e el the
oversn] of Wthe volime chisige by ths prosenos of extruel ol albimin s then
tideratood,

Qoidorablo ovidenos his bown deomalated implicrting the modium (neming
HyMbiet we W LARReL For oxyges toxieity, T Derowse ih R coll wolum
Eollowing oxpstire (o eapFossedd /ir would appont ta hwvo w imiler busis
et leularly wuon conuldering e obmevmd Cprotect e’ welion of Lithiam o
ih :lu; amtent of tho proposed mochirnian of (e setlon of Lithium in CNH.
tewicity,

Lo wrmasry . derosse (o the volume of fal colln oxposed to incrorad
mrtial prossures aof o gen bes e et et ta ocear in vitio, The
versternos of (his sl L 1 the fat oolls of tone marew, which ane oontained
I fhextonsible cavi Ly, wouly gecoant Por e decisasd blood flew thiogh
bohe marnow proviously demomwt rrbid 1o ocear Guribg ogostie to cempresscd )iy,

i wirk {n Mupported by the BEL sl Medterd losoteeh ouneil

oLt y o i,
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Volwmne distevoution tve of 1 el suspenndol tallowing
o o eonprraniad /b at 6 ACA, cvtprnid with conieol
sipeasion madntatied wl b AT,

e L0
P AP E U TE TR [LUY

1 o ypber
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el volame

Fig. @
Vol did ettt ion qure of 1t ool segennion thliowl g
oxponure Lo TG axyon o] with control swenstn

onporsdd Lo atespherte wie.
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AbLorat fon of onergy balaneo baw boen poxtalkeed as nomechan L (or 1w
eot 19 i HHostat fons ol axvpen tokdolty, bt (e hvputiests hak ned fiven tent -
el the dndaet bange T thibs wbodyy we evaluated the sifect of s fdasta thy
peshar be oypen and paraguat) oo AT tatpover aml tiesae pietpy nbate using Lhe
ot ed perfonml rat bang madol,

Rat Tonge were cont Fnuean sy gant 4 dnted and perd uned w0h lemog ob u- 1y ee
At bl med o madntadned ab 25 and ' Lohe Ratew of prodict don ol ldctate,
pyinvale, s “'('(),- wiie cibenbated trom alvaly ul wasplon af perlusts ol
enpdred e dnn dag AW D eest patlunton,  Paral el n|m“muuln [RERAH e
Ao bem were carrbed oat wleh (UL, e 6100 o neamisy 1900, pradud o’ i
EH oned Tnto that dertyed fome mhiochombeial and pentone alum patheays, A}
tipwover wasn o vilealbated by ansumite net penseat fon ol 1 wole ATR por weo e of
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ol Gelyoalvt Lo AT prsdun EEond sl b mab TP oo mad mibonbondibad (i,
tmltoehon Dl AT product Lond, Adenduse pig bool (den (AT, AIE) Wit e ek i
by eneyvint b methodn oo extoactn of fungs Tt were taplddy froren at the tomp
myatute ol Yigdd Bdtrogen at the el of oe bt ol prerfusdon, fitudies Were
vartled ant oamter contrel conddtbone teent Dlat foo with ale o0 0, a0 ) sial Al
o by vent i Tad bis whth 958 0 or guatuslon with 0,0 wt dinfiraphensd A orde
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SESSION V11

ol mitociumdrial metabolism,  For expertmental ntudles | Tungs wore pecfunod with
Loy oM paraguat or vent{latwd with 07 In o byperbarie chamber pressurized with
OxyRet at S oatae I aother &erlen, ratn were exposed Lo 4 ate 03 for 1ohr ol
then wvaluated tor hung onergy Status under contenl perlosbon comtil Lons,

Control lungn (atr ventd Jatton) hid o culeulated rado of ATP synilhesis ol
I umol/he/y. dry wto ATE produet leon wan B5% by sltachomdrial patfemys ad 5%
via glyeolysls (Table 1), TOaaue adening nucelvor ides whowed a normally Ligh
ATP/ADE (Table 2) Durliy ventliatlon with 95% CO, thetu wad warkid dectensy (n
nitochondrinl activity and eotul AP synthewis deereared by 54% denplle ta-
ervanad giyeolytie fluxg tiwsus ATF contunt mud ATPZADI alwo decreased markedly,
Burtng purfuntol with BNP, the "aquivalont rare ol ATD synthosdd’ almont trip-
Tod witlle tfmwue ATE attd ATIVARE ducreawvd,  Thewe resultn provide madely for
Interpratation of effecta of oxbdantu vit Jung metabol lame Senudts Tor tung ATR
tursover (Tuble 1) and adenioe nuetoot {de content (Table 2) were stollar to cons
trol during veotLlatlen with O at | atu, dowever, during perfueion of lungs 1o
the byporbarice chinbur with U2 ot 5 atd, thore war ducrcaned glycalyt fe and mit-
oehanededal AP product {on accompunlod by o decronny in bung AP contupnt and AT/
ADP. buriug the 2nd wour of perrusion [ the byperbarle chasbiwr thore wan a
further fucroads (h ATP turnover,  Deriop perfusbon with puraguat, chanpes In
lung ey budunes wan wdind lar to those obrutved with Typetbaete Ox,  lungs
Crom yatn pre=oxposed to Oz at 4 atn and then perfused Dad wormal Ling AT and
AP/A Levale (Falila 2,

These data fndleate that the varly elfocta of oxidanta (pavaguat and hyper-
arle oxypen) upon bupg melabeiiom are (netoaded winergy roquirenents that are
mut by fucronnos in both glyealyeie and mitochmdrind AFP peneyat Lo it results
L f0 dopresued Tung ATP coneont o ATP joneent fon under themn conditione apponrs
to he responsive to metaboliv control meohantume,  Contrary ta preve
Louw nuggent bann, ekposire Lo hypetbarte urypon fubtially «t lanlaten
ruther than depressvd mltochundrlal metaboltmm, but vhess vl fucta
uppear to by rapldly veversible,
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Rauultn wre mesh valuos Lar gumbher ol expertnonts dndleat sl 3o paronthonda,
Tusk wore purluasd tob 2 hes with Keehn bivarbonats bl ler (p8 204) ot nin-
Jug 5o oM g lueoss and 32 tatty getd=poor bovine aseun clbumin, 00 = vt hon
monexbmd DR o dlnltrephonady PME = phioparing methonudtate] o o= paraquat
Jas hiyperharle oxygen
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OXYGEN TORICITY

PROTECTLON FROM PULHORAKY OXYGEN TaXTCTIY UY THEATHENT RIIN Law
NOSES OF RACTERIAL ENDOTUXIN, Eo Frank, M-3, Chisng and b, Howwary,
Fha Palmonary Foxlbialogy Labaratory, VoA Howpttal and the Calvin
aid Flavia Oak Anthma Resvateh Conter, Pulmonaty Diviwfon, Unlver-
sity of Miam! School of “Cuicine, Blaml, Florida, V.54,

Exposure ab adult ratw to 93«1002 03 at one aim.e rewclts In
anvere Lbund damange and subotant dal novtaldty within 72 nes, 1t
wan recently dincovesod that purdifed bactertal Ulpopolyaacehariden
Cendotaxtns) (rom o varloty ol granvhegdtlve organinme given te
rnty immedbately betorw and during vxpunurn to 2950 Op glves o
matked dvgree af protsetion apndnet 0Q=induvaed tung dawage., (1,
Glin, tnvent bLi269, 19/H) (Burvival vate at 72 hew. = 2057774
(92%) for vndotuxdnstreated vi, 667201 (138 fur untrualed rutn),
Stites Lhone dntttal atudiss we have hoen convorned with weversl
o for quentiouds 1) will endotaxin given altar the alsrel of sxpo-
Hurw ta c95% 0) at unwe atmo provide protectlony 2) will sndotoexin
provide protecidan vpnlnat the mere chronjo offects ot oxygen Lox-
beguy ) nandy 1) whas {w the sschautiam by which endotoxin conforn
pretect ton?

We liave naw found that sdmialstyatlon i a afapls dowe of
endotoritn to rat® at o pure time (Junl prior to the start of 9% oy
VRPORUER) ur ot 12 e 2o hourk atley the wtart of hvperoxte vapo-
wure resuitu bg neardy L0003 wurvival al the wvad of 72 hours (Figue
1Y, A wtngle dese of eidotukln adeinistored alter b hours at
typorokia venuloed tn o 7%% wurvival rates ATD these teestmeng
group han wtaf (et feufly stpufffednt inerednen (0 survival compared
Co the J3% Nurvival vdle of the vatw almultansounly mxpunod to o)
but nut glven endotonin (prB05) c Endutoxdn given atter 48 hour s
In nvperanla did nov inervane survival (1% maevival rated (Flgure

i ad i 1on Lo wirnltdeant iy Tnebenaed aarvival por se, ang-
maln Lrvabwd wich nndotaxin have dumonwtrated o warked veductlon In
the unusl pathelogloal mantiontattons ol Ay toxbeity foeluding pul-
nonaty edoma, ploural Tlubd geewmnlat ton Cand Taig bomorelage)

Treatment Kutvival t4) Plental TTuld (ul)  foung wi /llady vt
Alr=conlyo] s (oo vl e Al dhu
Uotuatllng WL L2 Y04 &), J0A b L OaNN
Uprendutoin! vy (ui) LY B ) SNy L)

A ope 00 rompared e uther graups,
© h00 pig/ky dome judat o prier ta 0 wxpusure (28 hrmg 9t 0y).

The tyyres of protect fon agnfust oxpetimpntal 12 toxfelty 10
suttlng Vrom enduloxin tvontnent han beon muppolled by copestad
Bintologecal studtow ot bobth the Tighl mivropcople amd elotiay
mlerenvapde Jbevoeln,  Wherevay Jung skoctlonk from untredtoed r-ox-
posed Fats chnractorintteatly dumonntvate dtfrane perivasealag,
perdhonchilolare fnterattlal and (ntra-alvenlar edomn © aroan ol
alveotar humorrhae, the ondotoaxinstveatod )-vxpoied aplmaln whow
mindmal wvidence ot surh O7=lnduced alteret lonn excwpt for muge
tovdl lunp aress with atvoolar weptat thliokeaing due to vdenn and/
ur hypercelludarity,  In eloctromicroprapha, the endutoxlntrontnd
atlmitl dungs demoustrate & preseevat for ol e pulsonsry cagtliary
vudatiivitum, whideh im dimtapted very vably during hyperonle ¢apo-
Rure In the unteestod andmad « Inltiating the carende ol (acteancd
varzubar petmoab ity prupresstve puldonary adomn (4 hemoryhage)
and vonpromise af tenpiratary funellon,

Tt Wan buwen whown that the dleproved tolerance to hyperoria
conferred by vndotoxdin i aanocidted with an tuerease (o the antt
oaldant vneymen superoklde diwmutane (B0D), calatave (LAT), and
glvvathione perodidane (GRG0 ApploFhivedolc 420577, 1979) (LA
Tarpo nunber ot recent ntudien from wmany Iabotstorles have entab-
Viwhod the Impurtant role thewe daherent wntioxidant defense ayw
tomw play tn providdng potential protection from oktdans fung
dumage duw 1o hypeesunident atroesen) o We thevelore cumpatred the
Elme courme of appuaranes uf thone fbunp enayme drtlvity changen to
the develooment of pulmonnty vdowt {8 aur tevaled and antreaio
Go-vapuned anbmale, e reabened that (1 thene vnzemen wote lapuot
tant An protectiog the Jung axainsl the development ot wesotoe pul
wonary edenn, tacremned leveln mhould Yo detected bo ~ndotosln
treated Ug-pxponed rute botoge the vsasl time of avvelopment of
vevere lung odoma Ao O7-anponvd vatn nod glven vndotoxin. W togna
that, knduwd, theae encymew (BO0, CAT, GPF) ducrtaned dn avibvity In
the lungs of O7-expound nndatoxin-treatwml rats by 16 Sours ol eape
Kutr, T hewe before the otwet of detoclrule Lnvieases in Jung
sater 1o the vata puponed to Wyperaxls but not piven endutosing,
The vaeyme teveln concinued Lo Inervane while Yung water vemeined
cannbant fn the troated mndmatie durdng the rest ub the O -vaportne
portod, Uptreatud aulmpln whowed ne ownle (nctwanen 4o fung antd
waldant vuaryme activity, and progresalive edemd toemad bon vecurted,

Vo did o add b bonwd typew ol esperdoentw to Tatther explote
e yoly ot thews wurymes 4o the protect lon conlertml by endutosin
wpn it Ahe tethntdey and Tung damdpe producsd by 9% 0p ol woe
dtm. Fivwt, we treated rats witlo dietheldbthbooarbamate )
whdch b koown to fublbhbt S0 wetivity.  We fonnl that BOE treat
ment blocked the ptue 1o S500 dn molotoain: Croated rals vapuned Lo
Boepvrondn and abwn qomp'etely pudbitdod 1he protective st ton ol
emdotoxin, Heoand, we treated wiee with endotaxin wnd taund thal
endotoxln treatment Inombve expored 4o 5% 0 at ene atm. d nat
traubt b oane increane fn pulmondry antbenbidant earyme aobivity
CRON, CAT, we G1) ad had we protrct bve ef bt agadnut pultessary Dy
dnmage ar agabnwl the Tethal offec: of hypojorta

Wi ohave recont by teted rome dotper ctearm G0 -oday) B empowig e
mapebiments te iy o adetermine 4 the protestdve etdect ot eudn
tonln treatment agadnnt the Ao ate manlfoRtat oo sl 00 tandr ity
would be wustalned vver 0 Jenged perlol o hypetodlo chal boge Ao
e trvatment would also ofler mome degier ol pretes Vler Taom the
mube chtonle o WAuges ween to the bungs of auitala thot do o sapage e
murvhve praionged o0 00 pxpanute

RESULTS 0 7 DAY PXPustRl o 9%t vy
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OXYGEN TOXICITY

Aftar (he wurviving animaln from these oxperiments wora nain-
tafuned in vrouom afr for m 6eweek recovery perdud, special stalne for
fibrotie lung changue vevesled & much veduced depositfon of rolla-
pen and reticular fiberw to the Gg=exponad endotoxin-treated tale
compared to the focreannd f{brosis demanwtrable 1o the uatresatsd
Oz<exponed wurvivors, Analysis for lung hydroxyproline gonteat
save suppurtive blochemival evidence for & reduction tn vhruale
Tuny changos (ftbrowdsw) in the codotoxin~troated andsain,

We have further explorad the htvchemical bawds by which wndo-
tuxin confers tolerance to hyperosla by mewnuring {ts effect on
luitg BNA, RNA und the vatlo uf KNA to DNA,  In rate breathing room
alr eadotordin resulte In an dncrvaso withilo 24 bhre (o volal duny
UNA and RNA withuut any clhiange in tho HNAJUNA ratio) thesw findingm
peraiut For ar least 72 hrw, 0o rats dxposed to 95X D2 At one
atm, but wot glven endotuniin, there da & amsller riwe In tutdl lung
DNA and KNA but o chanpe dn the KNA/UNA ratdo excupt at 72 hrw, of
expoaure time dn the few ratw Who survive vithout vndetoxin treat-
ment,  fnovontraet, In Ugeoxponed rat glven vidotoxing o wigndii-
catnt riwe In the raldc of RNA to DHA wecurn by 48 heso ol 43 expos
wire,  Thle supgsvees an "activation™ af the lung to Incrvased coll
divigion plus Blosyntheide avelvity,

We codelude that 1) endotuxin vonfers provection agalunt
Avute 02 toslelty oven when wivew tn o single down (500 pg/up or
M1/50th Lbsp dome) ww late wu 38 houew aftur the nneat of Oy wxpo-
Wurwi ) the antloxtidsut onvymes o) the lung -~ HOD, CAT, and 0F -
play an teportant rayle fu the prutectIve effwet producod by endo-
tuking and, 3 ohdotonin Lruatment may protect aunlant the dulaved
{fibrutic) cLangen which follow svutu pulmondry U2 dawayes, We
nuppent Lhat eodotuxin acte as o nitopgen In the lung (inervaned
DNA) and that It "activatas” lubg vellw to respomd to metubolle
pertorbation un evidesswd by a tisw dn Lhe yatlo of HNA to DNA fu
the vudotoxin-trested O2-uapoavd andmals (camparml 1o the truated,
but wapurturcbed rate browthing veom Adv) .o We think 1t may be this
Yactivatlon® whiich factlitaven & raptd (ncreane In nynthenin of
antiokidant earymes in regpunee to byperaxie Free radical atresn fn
the endotorln-treatod gg-chatbenpgnd aundoal,

Heudlun to burthey define the mochandnm for the marked protec-
tive avtion of wndotuxlt agadnMt pulmona vy O3 toxiolty mny hivpe-
Fully fend te the devetupmont ot w4l othor agents with afmilor
prutective actions hut porhape lusw Loxte patentlal than smlatorln
fraw!t, agoente that may be af Avme future clUinieal uaw In helping
to ebrowmvent the tung (njury ansoviated with prolonged Lreatnent
with ltu-piving 0y,

Acknogludgomant . The IRt studiod with windotonth wore performed
fa vovpuratlon with Br, Relpet d, Roborta, Depta, of Pharmacology
and Podfatricn, Univorasity ol lowa Schoel of Hudlcloe, to whan the
Authora vaprukn thelr approvistlos sod gratltude,
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" 1% 16
an
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w i 14
n
(1 i l - - . o
AR "1} [} 1t " 1] 1)
CONTROLS  Saimt O3 + INDUTOXIN (HRS. AFTER START OF
72 MR Oy tXPOSURE)
Flygura |, Effeot ol deloved vudolenbn treatimeat oo wup@ival

wloadubt o rata expoded to hypepurla (Bhotdt 00, 20 Brac). Andmaln
witw freated with oa adtnplbe A0 up/zkg dowe ol endodoring dopa,
wathor at o ttme Cjund horore helog placed Ibn byperosla) or st L4
Moy Wb AR hourn abter the ansel oof Uy tRpoRute,. Baevonlrol
proup rovwbived wquivodume phowprhate- ool bered wadine (P08 aned agy -
RUNEEI LI fyrd vlthor endoter b v sqeivaiume PRE ol 0 3 {me,
Sutvival t Wofut  broconteoe) group oaul endotar e greoupn 1, 1
2, b huurg are mb) alEndbicantly geeater than Dacontvul gtoup
wubkvival yate, po,0%,
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SESSION VII

EYOLUTIOR OF PULMONARY RIFFUSING CAFACLIY AFTER DEED SATUNATIUN DIVE WITH
HIGH 0y LEVEL DURING DECOMPRESSTION, R.M, Hpaciuthe and W, Browsol b Ckio
Bl 610 BIEO0 Tanlon Naval, France,

The bebuticial efivete of hroathing vxypen during 4 decompressfon have
Tang been recagnizml Bowever (0 very Httle known ghout the apt imal seygen
tevel for o lung exposure to a Wigh proseate. Fhe caloulstion of YPTD aml viwe
doeremsne by forcwl vital capseity ave not watisfactary when the Ploy is tow
ud when oxygen bs combined with uther gamen, For loog dovp saturation dives
with helion QU's pecommeml vot to exeesd & dayw wien W of 000 ATA (v W6 ) fum,

We wtudied the evalutivn of earbon monokide Tusy dituning capacity (Dlewy
aller tvo dnturation dives, The Clrat one wan & 47 AYA lelfox watueatiom dive
with {ucurafon at 300 metors o open dedac e prol{le of Pag during the B adoys

ol devampresiion wits a4 avefes ol decrmments funetlon ot preswuare £ rom 0,8 o

Ok ATAL The 6 dlvers Broathe anronyprnnted sintures at the el ol decsmpres -
Ao, The second dve was o &b APA Urtwdxs saturatfon simbatod diveThe protile
ab Pyy durin, the 3 dave ol decomproaklion van an esponential deerement fon Cfon

of presnure from 0,7 to ogh ATA, 4 ol N divees broathie surexygenated mistares
by ¢

[RURFAYATN Vote 4 timew o day durinn 2 diayn 48 e alter the wuart
at decomprokkion and e fast two dayi ol decomproskioie W& measare Dleo by
BATFR atoly alate ot lwd on b jectoad tost and teeal oy o wixtwe ol
KL T IR LA TRTT N

Compared oo eotit ol eakurvient sy Bes dectinml bnoald but vue subjeet
wud Loy The posl B measivemetttn abtadived a0 e alter tevmlnad ol of Che
dive, [he pante vk 49 to =3, U Wit a owdh deecpdane T all inbjecte o3 44t
Gt Yo AU U Cime al follow up teasutvuests detvesioed 549 davs altet
Corminatuent of the divey Dleo mwasieed on 1 osahio e wak dow the cae rod va-
Tues (0 ol U St o wuablect, Campared to o contiel values Uee mean decinose wis
14,9 ¢ with o vange between v 10 o = &0 3 (G000, e wooks altes the el
mimaidon ol the dive Ohea meaaurud on & wibies Ee Win bedow the eottt ol values
Pn oAl but mw wabjec b Compated o vonl el volues the mean decreane wnn 10,48
2L,

whth o tange botween HV Lo
Sop o weekn after e termisainen ol the dive DEoo masnrsd an b osabjecta with
Petutnfuge towseil sormal tn adl b one gubjecC Wl nomean bocrease tor abl ouee
foets ul V% mnl o tenge betwimay = 1N e 7,

Pt abuoemal ehantes fn Des o weeke aliet Vhe tetmonsiseg b the dive
Indicate chamges Lo b lgaars G Ubon whivls ate slowls deveraidile, Fer e e
terwluat fon ol optimal uxygen Tevel it a0 o sapoware to Bl presste ot 's
HUCONNALY £0 conndi) L exenul e ol eraiibe thae Ui Cine aml the phyao

wical e tivity ol e livets Tan hiewds and polmonagy e toxgefie,

ek b

s a1 bl LAY AL AU VO b ke
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SESSION Vili

A THEORY OF UNERT GAS NARCUSIN, Barry Fowler. York University, 4700 Keele St,
Downayiaw, Ont,, Candda,

N Vo approsch to the annlycis of the buhavivral effacts of Inert gaw
narvonis {m to puatulata s disvuption of one or wore of the varlous (nformatfon
processing mechaniany which control pevformance. (7 a4 pattern of wilacts can
be wutablinhed, 1t 1v hopmi that performance on complex tunks can ha pradicted,
There nre # nunber uf studiew using either hyperbatric alr or K0 (hltrons
outde) which can he futerpreted in teran of this mote! and vhh‘f\ form 4

8 wohurent pattern,

Karcomin affecta the kingsthecic syntem (Chnpman, at gl 1972)but net
viston (Mecsnar, 1972) or sudition (Powler, et nl, 1980}, Nutcowin dncreaned
redut o time by o conmtant amount, lrrun-ut'ﬁ'- of the number of chatoeus in o
enrd wobbing task, (BummerPiald, 1964) and trrewpactive vf the wins oF the
wtimuld in o visual tecounitlon tawk (Banksy ¢b al, 1979) ¢ un the ntler hand,
{n u tank where a responss was requited to previously leatiad setn of diglt
pulra, & proportfonate fnersume (o resdction time wad found an a function of set
wlaw (Whitaker and Flndlay, 1977), Fullowing the reawoning ol Sternbery (14ny),
the luck of dn Interaction (n the card sorting amd viwual recopnit lon tanks wnd
ite proaance In the digdt response task (mplicates & narcotle effuct on some
aspuct of memary procewwing but not stimilus=rawponse ar visual provessing,
Hemory and lenrning deftclen hnve baon tuparted by & nunber of workers, This
avidetica bin bean wummir {ned by Fowler, gt 1, CIPHO), whe arpued that theae
wifwcth reflect 4 L™ (long-term memory) thput deficdt amd thut BTN (whort<term
memary) im unulffacted,

i The purposs af thin paper is two-Told,  Flrat, to tepurt two experinents
g desinitnd to exnming the effectw of narconin on a neglorted huy important

(’ information procevosing voclan by attent fon, Roeomd, to proposs s medel of
\_ naveotdn effecte on the bamin of the curvent weidenca,

g It the Cirst expyrimant twelve subfectn ware Fegolred to veiember a 1iat
af worde prexsnted tu one war alone or with a dintracting Vit dn the other var
d what brastiing sither 133N,0 or sty A tecopgniting parat(gm van uned to tesl
, Facall and tho results are Ui luwbrated {6 FIg 1o A paradoxical of foct 1w
Appntents  the dwtracting 1iat hian relatively lewn elfect o recall wiun
Braathing the naveotie minturs than with wiv,  Thars are two Hikely Interpret-
Atlonw fur Elmde fasulte,  The Cleat (% that marconin lwads to a fixatlon af
attention on Lhw to-be- retenbered Wordn Ao that thu dispracting wordn liva Jons
ef fect,  ‘the second 1o that thw ddutrect ind wordw {nterrupt menoty smitd Biresyin
Blockn thim fntnrreupt lon in wome sanner, Thewe hypothinges wore tentmd it o
) ascund exjpterinwnt Whieh tolloved & wimiiny parvadigs to the tHrst but tneluded
; the Tullowing eonditions 1) detection ol tarpet Wworln ln the Tist during
), pranentation 23 recall of the Vink aTtet presentatfon 1) recognfilon of words

' alter pravantation,  The temults from thin experiment nuggest thal the wecond
¢ waplanation rather than the f{ret 1u the correct one,

The pressnt svideiice sugpents that, at least up to mederate dove levels,
nateonln han o remarkably speclfic wlloce on cavtuln machoninmm, namely the
kinesthot fv xounnyry wywten and mwmary, aml thiot other mechianixms vemnbn gl Leeys
el A el Wikl Paken thuwe Tacts Lnto geeaant g which can enplain o wide

. range uf narcotic affecta Jnvolven thirme ansumptionn,  FIEsL HarcoRin cnunes
W klowing in the tate ol dcesws of noebimulus to 10 Accossing VM 1w n

L crbtten] mechianinm tn the tnfurmatfon provenstog model (dehueider and Shificin,

! 19771 RUATEY Uy A Kohaolder, 19779, and 1 cnn du argued that dleruption of

3 thiv mechaninn WilE Lwad to an Inerenas {0 rusceion tlne and vlowing on uielh
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purticular importmics whon uning ¢ o anlmal model since, i the animal in
reanscnably free of apparatus, & more venlistic nituatien fn likely to te
obtained,  Thine paper {6 concernmed with the method wo have dovoloped to
meaaury tremor in the raty detuiled vewults of the phureaculogical experimunts
usin thin new teclinique vill be presanted sinevhera.

In muny there are sevoral natisfactory methods for mmouring tromor, both
simple and complex, Lut they all requiro a degrec of mativation, Provioun
workers huve umnd threo main appromchen far monitoring tremor in animalmi 1)
bahavioural vhrevvation of the animal, 2) sleetrical pocording from implantsd
elactiroden and %) non-invamive teahniquen,

Nehinvioural obasryation of tho animal in ensentisl {h any oxperiment,
However, roliablo mascannnnt of tremor anmrt ppressurn Ly thig mtliod reauiven
one individual making all observationnt ulio {1t in difficult to amsens wny
aniall ahangon in tremor by obnrrvation alone.

Invanive techniques {n animaio mich mt ogmape (do laen, 1999) ean pive o
rnlinble ontimmtn of tremor but the necennity for a modormtely rentrained
animal, and the dinoumfort of implantad elrctroden, make it mors auitable for
wne in anmanthotived snimaln,

™o nul=invanive mothods have been proviously uned in ahimalet Vmaenelie
induetion, 1) mechnnioal tranwducern, Thn maenetic tnduction device conainten
ol nomagtnat tuped to tho lep of n amall animal which wan then placed in a van
ovor a ¢ofl, Movoment of tho limb would caune the magnetie lwes of ferce tu
intersoot the eoil, thoereby sonerating an nlsctiro-motive foree (M11, Dorman
and Blakoy, 1), Thin syntem han Unoa upml For trome messursment 46 the
ruinen pip (Ackormms nnd Griaenad, 3a93),  llayovar, wilone the oriantation of
tho aagnet th fixed with respect to Ui aofl, {.0, Lhe animad {n neverely
rastruined, quantitative asseomwnt Lecomes di Ffieult,

The mechnnionl tranaducer (Walltop, Muskie and MaeDonnld, 199} conninton
ol & )l ongte on slosl aprdhoe mippendod over a phonaereph encteridee, Thin
mathod wan mufnly uneful for recorditg onnol and durntion of tremse, rolher
thai froqueney or ampll tude,

Wo nre dovoloptie i devico yiden wo hope will be more vermtile, 1o ooy
oxperiments wie luwe ool prtay bat We prinaiple of the aysten e suitable for
any nige of arinals

Avdominal raspiration detegtey

Bofore finnlinlng our proanbl denign for tremor mesnurement, wn tried
novneal ALfferont methods,  The rirst fnvolved o Modifind mbaoniial renpiras
tion menitor (Wright, PY), It contilatn of a siuple pronmure teanaducer! o
omall plastle oylitdor, vioned at one mud and with a pabbor daphrim on the
othol ond, A floxibla tube lends from the cylindar o a varinbine prealiel
plata aaprettor, whioh reapondn to ohanpon ih prensure within tn eylinder,
The transdueol wub baped ol thor direetly onto an snassthetizsd rat or baneath
A amall o eat anpes Thin nyaton gnve mn excallonl afenaly tat 4 proved dif-
fieull to romove nil tho artifavta onuned by the enviroumantal pransurs
countantly shanging,

My uge

Wo have nuw developod n ayotem inaorporating n amatl wddicon Atpain gunes

vomplex tawkw an montal arithnetie,  The mecond asmumptfon {8 that 4 y
of thin diseuption be a fallure of menory Urace conmolidat fung The thied
anmumptfon Lu that task ervorn produesd by neveasdn are due to oo wbidie dn the
apsedenceurnvy srltrrion (Kantowity, 1976) raibine thun the Intermittant datlare
nl aome procesuing machaniam,
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ASOGEEIENT OF THE HTANE PRESSURE HECOIONTUAL ﬂ'ﬂ’l’l(()ﬂl: CHTNES T A HEW RETIOL OF
URANIHIM THEMOL T AL ANTHAL MODEL G Bahe Baicen  Huda Hadnes® o B pdeed Yradiee
dmitn® and Ty Wineh ', Divintonr of Anaenthenia® acd af Diornpinoersn
Clnlent lmnesron Captee, [arrow, Hubllenay, Fueinal,

Ot ef {he tbens of BPHG ~cen (a5 Vath aan and nammnln 10 Uhe unart of
tremor, The tremnt thresinlid prarnues vAF a8 batwent hpecion (L wxampln
thoman £ 1 mhout S0 ATA, (no et ateut SO ATAY ot (1 B rapredacitbe ang-
patnt (Beausr ot wl, 190, aud o usanful paraseter for the penenmment of O
noverity of HPIME,  The maji wivactage 10 uning tremor to monitor the proerenn
aof PG [a that 1t can be measured der A nnne iavantive tackogin, e tn of

(N Pixiv Type RA20),  TL conaintn of faur nylon plllera atinehnd ta g
pernpes bane plate wid & roetantilar metud framn which $6 mounted on the four
piilars,  Three uylon ntraps, sttnchod to tho frame, aupport nonmadl rat e,
The atrain gauge ttanif (10 mn x & omm) o bondod to & atreip af &0 pauge
horyii{um coppar mhort, to roduce fragility, and the asnemiily {n mewn unides-
honth Lhe ventenl support strap,

Lot ial oxperimentn with extrudmt aluminium meah produced n more which
oxbi bl tod unacceptable archinnica) veaomien,  Phe voraion currently [k unn
vonplate of uotting nver g ninple, laop shaped wiee Teamework altached ooy
Lomn tedek rubbey bmae (0 x4 m’ with A Mixed popapos el ot the Lront and
noromovabio perapox patel al the rear. A Y phaped hole o it dn Lhe Intter
to peredt protrunion of the eal'n tailc  Several turns of 'Hingtoplant
prevent the tall bogne i) led thyngth the hindo, and Dltn mnintatim the et th
o Tntriy eountant panftion withol cauninge feanr of diacenfort,  With (hn
arrnnpament we have Pl i)y o0 Jow Ievel of cesanance wileh can be olpee
Lromenl Ly puppronnmd,
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PSYCHOMOTOR PERFORMANCE
AND HIGH PRESSURE NERVOUS SYNDROME

The onnet of tromor, as the prarmire in {neressod, can by neon as short
bursts of tramor, Imsting for up to “Q0 ma occurring every {ow aseconds. Thene
initial spells of tromor satablish the frequency of tremor for the individual
rut, and wa have found it to remwin vonmtant (usunily batweun 111k He), An
tromor gts worke, thoe aplaodem occur more oftea, and huve a longer duration,
until finally tromor im wimont dantinueua,

Onee tramor fo wnoll aatohliahmd, we have used t'is methnd to datect any
improverent in HING by infuning drugs into the pre-cannulated tmil vein of
the rat. Inprovement ju tromor in meen initially ma & reduction in amplituds,
followed by abolition of the Wmeic tremor frequency,

Hupmary

Tremor in wmall animals ia an important paratetor used in the study of
IIPHS, but its momsurnmani ia very difficult Lo gquantitate, Problema {nelude
a) distinguiching {t from gruss movement (including amall convulsiona),
poatural elangon, small movemantn much am "washing', reapiration snd b,e.gt.,
angd the naturkl reashanas of the rentraihihg cage] b) quantitativo analynis
in terma of beth amplitude and froquanay; &) the necosnity for m nonsinvaaiva
technique which requirss no manual adfuntment during the courne of & hipgh
preonure exporiment; d) Limilmtiona ss to the sulk of the deteotoriy s indes
pendshige of othor snvironmental varinbles much as prermure, temperature and
lightlng conditions,

Wo report our findings with a wimple sirain gauge devicu apecially
devaloped for tha purpoas, whioh mppears to oversome the malority of the
. ﬁ}mzw censtrainta and which wa are nov using in the pharmnsological studien of
‘ NE,

Hulutuncen will appear In PROCERDINGH,

o v ok W

PETITLETY P IPRS YYPE L SELZURKS LROWGE,
vy Tuatltute of Mavine Blonediend Renvareh,
walina, Wilminkton, North Caraling, U8A,

thiverndty wl Hurth

T connte b iat lon of phenomen damoe dated with vertebrate G Dvperoxe (ta-
v BEV Rty under prowdure, goierntly voforeed L ga the High Brosnore Norvoun Svi-
i deae CIPRA) - W by dener Thad Trom o mwhsy of perspectdven,  Te the deneeip-
Eloh we fow add ot anpaeet ol the problom of wenot e var lab iy Iy wnmeept thit -
Ey I the clonle Clype 1) Bedeure pluow ol the HPRK,

tur Intersst Inthe gonet lea ol the Pvpe T oweizure stomn Lron Four wal ledocus
' monted tactwr U1 the swelzanree (8 phylopenetbeal Iy o w doenpeoad phatioienon, ()
i1 overy vertobrale oxperloental puapulat don theee baeocounlderable vartab 1y in
s dauen threaliodd Gand presamably 4o bumane ndoosd o 0 an indtebdund adutt
atdowd ' o wofaute threeshodd baoatabbe ol reprodneshle over o slgnb) least port fon
ol dta e wpany and () Vhe vapnltude ol tiwe b berenees 40 menh seidure
throwindd among Inleed mode il radtn compated Lo var ot Ton withln oacl strain in
i Lavge an U wtiggost goiio! G s lvadont D the i eyeteon,  Thss data sog-
st ik potent fally Bt teant cootribut lon to the natety ot vers workfuy
L the deep wea H one could umdeentiond sl svontunlly expdodt the bintogical
Pk Vor varfab {100y of WERE susceptCE bty Do haman popolat tonse peisonne ]
muleet Lo famed un Gedent 4 al Low of divers at bow Flab ol develuping the e
thvententng selauges mlght have the otlect ol dncreaning the sale woiklog depthn
by 0% withant aegqule gy any other tow techmology,

Erbvred morse wtpadne are the oxperipental anldeale ol choloe heoatine ol
Vet mete il ab i 10wy thetr amenab E1HCV Lo gomed U amalvadng amd Dol apparent
il ab Ve wn o tdmna Ly sondedl o the phenemeion, To expdote butbher the na
ture o the pwan Creste D acradbn d i fereneen ment logod o 64 ahavrey 10 wan
n ry 1o bnow whether Thoy red bected a0 wlmpde, e Ll fuduenr $am e mande a0
o e comphexc e Tepe bocenvndslon bemand Pesd yoavompdex ehaviogad
eyenty ol pedfgrer data brow tvo Yabred ol raiue sl beeospper i the
Toragennlan al o lembtes The seetepatdng ek Do) geieral fonn ' sl put e
Phipsobulobe webe cont by bl hatisty menn b Phat the cbasscf Dol Len o
b T bsa ] Tt otie o ot e clgns conbil nat T made with
Peertt by ko albodt Lab wie Thonpht Goc el a0 "peaat Hat ty
G appraicd be byl b Phe dbab b Ibut duts, A vetu Laby ol bk g
i ot there conbd b oty bemate peoanth TRy that the v eilad toan ]
alnghe pene ta Ve o ben o the chagacter buoquest on v ould be Sdeat 41 Ty
wap e gl fon 1hat the chia wber v deberodbinsd B the ae b L o Jatpe
miher of penes varke with oama LUy equn by aud Geamdbo add e eltoct s Hovever,
T the atrabos ate well sepavated T e chitnn bt ol fnts de byl palne we
selected avey BE Es vew pooesdlley @t peed fpese Dhiley the Fibed e
b g VEEe et Teopedde Do b i fmae B Eked Dol ens Ul

LLTT oo G epprene Tl b Dfuatba ol the C970 W1 ol DI * 1 ko d
putne s, (el FI Py od Bt Te bk bovoren (o YL IO S TR B 1T N PN
atessgduwe pe Dy Cloe manoen b n e b Weaieny et aly (19200 e vy e aalon
wan cepu bme T rgqaad S atm e pveaenta abow eabe ood b0 adedbe . The tvpe 1wt
sute thpeabol 4 data bee parentady by sl bk el b ane prvaentad o
Tlyere 1,

The warlance (0 the b koroasen compared tooan out bmate of the compen ear -
miee b OB/ 00 BRAZZD wl Chedn B Livbi b dw bwger (PO 00 R0 e Dy
W NBAZD s 1] vand temdbg Pl prescte e ol o gened oo contthat bon ta Uhe vae |-
ab oty Mawdmum 1 ked fhowd methodn were appd ted fo Hhvue bt o hedp detoeaine
while b ot eloven selucted gonetto modatn bedt deac) Thed Phe obaeread dinl s $hut fonn,
fha vt sk mbn b baodnt do not ol cour kbt Uhe poosth L den but wre
alpotdtey, We belbuve, fo diEFobent fale Ehe canow dnvolving o siapie inher Stanee
pattorn from the camp e "modtfactot iad" pattoenn,

LEowe wrltan KOp ) tnr omooermal diwteibot ton, with mean o oand vardam e \
then dn euch ool o gommed thae Che C9RLAAT d3at) Dhat fen wna N Wb e
HRAZZE st Lot Lon wan HGe by and the F) ddutefhat fon wan N{ 27 The
thenratdeal hacks town dfutr Chot fong var fed frome motel to sodely L e cach oine
wete auagmed o wintures of norpal sl eibat lome, Fat gl the medels o0
vttt wete pagabded a unkioen parameters bo he oot imated, Fieat we gons
vated aundimin Fikel (hond cat binten of the unkiown gatametorn 1noeacd mealed unlog
doromputer pragram whileh fwm boded ac unbe poogeam develoeped for thia pug poae Ty
Faplan and Fiuton (1230 amt thew abtaboed the natueab Jogarfthime of the madi 1a!
Fihed fhnedu maswlmierd with sampert fo bhee v dothe parame et s,

Wbt dewc b Ept fegin ol bl modedn ave e unnary Bislnte one can ol ey il ey
pretatbons ol the teanits prosented Dn table B e pamed anndgned 1o 1 he sode i n
ate the name aw Vhone awmt by Flutow and Stewart (0570 and Lovwart sl b hslon
CI9TD . Mudedn A T and AL wwwomie A bnrge pumber ol equsl awl add 30 v oud (0 -
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ed locl acting In roncort to prodice the backerow diutribut ions which, far DBA/
21 4% o+ ) 2,000, whers 0l w 0¥ 4 Gy = wd' Horo, € van wquel esre
(i A~Lt) or be poaltive (as In A-LE) . The hackerows diatribut fon Far CHTHL/ G
to wimdlanc with subatltution of the appropriste subseripts. Nodel A-2 wpae LT fon
two ddditive unlinked Jocl of equal offaect, s that the backerons to CS7HL/GS lu
distrthuted aa W Qoo ?) W 20 4 000 /807) RN (uyyn?), and the distribu-
Cion of the backcross to DBA/2Y 4w wimilar. The model deaignated A-1 haw 4
theoratical backcross to DBA/2D ddutribution of YN Grge?) + N Gy,

The B« models n’;ucﬂy two Jinkad loet with the hackeroun to CSIML/6S having
ai Ita dimtribution b (1-3) R Gippa) + W N G ot H N (0™ 4 (1-0
¥ CGigpe?) whare & dn the recombiitlon fyaction ar the sxpeelsd’ proport bun of
new genotde combinut{ore unltke the parentul combinations of two 1inved loc)
producud by cvonubng over (0 A\ v 0,5) aud u,, wod ) ATe the means of the
rucombinant genotypew, The hackcroas to DM)!J in -imllarly dintributed, Modol
B AD Lad an additivity reatiiction bullt foto the model, namely that Wi g
w, 44, and By ® U,y ® Wb iy A ymmetry restriction was placed on bodel
8=08, Wo thut Ty, -y 1))(", Sond @ Gy v owpgh iy - wg) o Nedther vestriction
wan in (ftoce fob madel ' Neoo! ’ ’

i the G- madein, wo uusume that the oxporimental distributdone rewuly rom
the waprennion of one genetie locun of mijur wifuet and & Jarge susber of (nfer-
actlug loct vach with smally vquul, and adifeive effoct, The backerows to
GHIML/60 An ddutrihuted an YN Cuyyaol) + AN Guppand), and ol has the usme wean
tug ad beforny  Likewine, € In ogual ofther Lo zoro (aw {n G=00 e 0-AQ) or dn
an unkeown posltive conutant (I C<00 and C=AC) Lo bu entitnled along with the
mUANY oy wnd oy Hiwd larly, the backerown DBA/2E (o dintributed an 4N
(. .u".,i N L ggeddy In CaAO and C-AC hoth the wddLtivity wid symnetry
redtrietionn were imponel,

Liktwl 1o Table 1 ave the log, Dikelthonds for vach of the models maxind ned
with respuet o the parameters, 1% thw folluwiug, we base ouy (oterprotat fons
upott the appr dlmale erfturin for wignificanee of Btewatt and Elaton (1971) g
which o log, Tikelthood dirferonce betwaen two models of Teks than 50 1s cons
sldevsd not wigndficants betwoen 1.0 and 2.0 in “wungeet lve but not cone lusive®,
avd preater than 20 tn "pobably aignlfieant™,

Ui thin s dn cotnddering thetr aonociated Tog, kel ihoodu, wn oneinde o
eindddates ok the "praturred” model a1 skeopt tho mejor Jueus modols G060 o
Ceti) g posnlbly 8-00 (two Jinked Toel),  Wo temd to exelude H=D0 aw well winece
wll nuterorn arbiteary fnltdnd wut iuitow of the sdbltional prrametor A gulekly
rutverged, by tteration, to 0,%, the valus of X wt wifeh 1{ikngo eabhol be
dintinguished tram ehe came fn wiieh the Toed are Jocated o dUFFobelt clitom-
somens Fhiw rogult fmpdfos el the relutively Nigh TikeUood of $-00 may boe
due 4o wegial effectn of the geaew and/ur some mede of gende nterael fon othet
thi add it ivity, because Iy Khe Latler cune B=00 would be wquivalenl to o}
A« (2 ogualy ind nked, adddtive Toct) which fn sanociated vith & mach lover
Flieddonls  dn gewernly dimpowitlon of the additivity restrictlon renadtml in
Towertig the |tked Hineds (C-A0, C-AC, atid B-A) . Modply €-00 atd GO0 have the
Wlghent Vikelthoods buty an they dEH ek by only Q.00 Jox, unitn, sru probably
fid it tnguishab te, ¢

LU should be pointed out that odr approdcs provilen to mora e & fliat
obder approgimat lon to the actuad situst{on and that further brasding Ttk are
roguirud bofore o "proforved® medel can b confiemod, Bovevery Une dduerind pas
tive power of the method dw wppirens Ceom commtderat lon of The, d fkelfhond rat 1o
butweon tha mont Likedy aml tenwt Likely modetn whiteh aquate o080 e,y Hhe
=00 woded Ty about 120 Cimew more Tikely Lo heoan mdsguate "angdanst ton' o
Cha dinta thnn model A-LO,

The mador findy of thin stwly s that w wdngly major tocus "acevounle Tor®
4% al the diTTarenes tn meah Type 1 we{rure thronhnbde botwers the pakuntal
strndng hath fu mode] 400 (Trom o7/ ] where of fa nw hefore) and G=00 (1 tom
g e ) 4 Gy =0 00 Gy = 0 1) 0t igResLe Che poknd b E Ly ol (1)
Ident Lyting erit Leally ¢ho major toeun favolvied (o torms of fis phyntotugienl
andd Bborhemdval actionn, and (2) ddenl iy log the ponitlen of the fovus o the
mese geme whboh way (6 turn opel the wiy to exploring the elbectn sl Hhe Tocuy
upatt wtheta Anvelved T Tepe | okedrare ettology and of Tdentivylg thie Toot ne
alfectod,  Attompta to do both nbe eurvent by anderway, Prelindusty seaaltn of
a Cend of e wade | oaccord webl with the mafor Lovun hypotbhestn,
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LA A2

GFRUTERLA ANALYBIG OF BELECTION FOR DERP DIVING (EEG AND PHAFOR-
MANDE) « Jutis_Hoglalr, | Lertwro S Gyrdeife - Ghuttour, (1)
§ s bovemts (30 1, Neawels (4)

InYtudiet b,

The verioyp dives to saluralion by mMan [0 s hellum-oxygen stmosphete have
shown tht an IntersIncdividust sermitivily to the HENG saistod (Brauet ol af
1069 | Benwtt and Towsn 1971 Ruslein ernd Nequet 1974, 19710, |t would be
vary inpotat 1o bs able to cetoirmine which divers arn the mout sunuitive 1o hye
pwibstic. comlltions duting dives squnl tu of supetior o 300 metets and muut (1=
nely o Irduce o HANG |

i haw buwy roticed that 1t was peanslble to provoke HPRS symplomu Ih cer-
Vaindivers during funitarg® ot "excureion® divas L tepid compresaion in 10<1%
ryilin, to K0 raeters | wiay &t e potiom notetesding 105 ming, to wvoid uatu-
ration) » The wymplamiv otaur | getwrally with B slercy of from 30-00 mine.,
wrtinmrrival st the pottom,

1t soemed intstunting lo find out | {he divers who showsd cortain HPNS wymp-
tomaut 100 metenn in testw Of EEQ of pertormancy were the same subjscin 'n
whm orw fineds the mast mmrked di stutbancus dhating dives (o grester dapiba,

Ml ot Jiver saimclio.

Twotly-tout plofesaional divein {10 GOMP A cummercinl divetn and 6 ranch
MNuvy di vers) ywware put thiougsh & veries ol tesis &t the sutince aixd 5t 1B0 melute,
Thass twate Incivded -

SEEO et at reat and duting intslleciual work,

« puiychormstiic teats mades up of lwo sensoty -molor tenie Lrmnual dexderily
and yisual cholce -remclion time) and iwo intelleciuel tests (mimber ordinstion
e ay rrkol recognition)

the 1 wat cattied ol during refyrence sorias At the surface, 10 dotmosie,
than at the surfars with s helion hyporic miture{0, 12 bar} ard duting divew lo
MIm. (comptession 1 min | wisy . 108 min, lw-Q? milanture with A
Quygey) o

Thae subjedis ware clans!find mcaorditng to the svotulion of the EEG activities
belwewn the nutlsce Wi 180 melere, the resulis gathered snd procensed as pte-
viously dencrived (Fosiain wWd Nmousl 1974.1978), Thres groups were dislin-
Wilihed

roup 0 (0aubjects) - EED nolor slightly moditisd ((eas than 20% incinanw

Inihete sclivity),

Orap ) (15 sibjech) - EED signiticantly modifaed {belwesn 206 s 1008
Inctemme in thela aclivily) «

Qrowd (Awhjects)  BEG very moditied (helm schivity (ncreave bay oty
food)

ERTIS R LT AV VA Y STOW T RTINS A il i b Wt o St

PSYCHOMOTOR PERFORMANCE
AND HIGH PRESSURE NFRVOUS SYNDROMEF,

Eight subjects were selocted to make the dive to 450 melers, three trom
troups 0 end 1, and two trom group 2. Thiee ol tho oight, ome trum emch (o,
wory prosourized to 180 metots with & Ho - N~ O_ mixture (N 1,9 bart,

Tha vlyht divorn woetoe prensurized ot tho aemo time. The EEG %«uh., muaputed
simuitannously for B and the paychomotor tesls were carriod aut duning cenfine-
emont (durntion 48 hours He « 0,8 bar ; N, - 0,8 bar, O O, A bart, duriy
comprosnion (duration 3N houre ; progressive introduction of N_ Intho v - O,
mixture Witll reaching 2,3 baru of N_ at 450 metetu) wnd finelly during the nlﬁy
st 450 mutors (Fio, - 400 metora R I 11,0+ 40 fa bOW }

Bealty
1) EEQ
n)} At arrival st tho botlom  tho EEG muditications fuund during thin dive
comparod to those cbisined during the trial dives to 100 m, give the tollowing ob-
sorvationu -
= The iwo subjects whosu recording were the moust modiilod at 180 metura
(yroup 2) wie thooe who ohowed the grealost Increasu in thetn activity st 450 mul,
(600Y% and 1,000%)
= in tho two subjectu of grow 0, the howut spectia of tho thela activity
cloarly Incrosuny and s locited botwoon 100 ahd 200% ; 'n lhe third, 1 dous hat
vary s
- Two ol the sublosle ol group 1 whow otily # relative increaee in the
powat upecira of thelr theta nctivilles (100% and 300%) , The third prouutte vety
imporiant variations similar to thomw of the mout ettectoed aubjuct of group 2, It
In interusting to peint out that the powet siectra of thete activitlos of the latier
had increancd wimont 9H0% during the trisl teal to 180 moters with an He - N,-
O, mixture,

7
bY Durltyg the stay at 450 moury  the EEQ records improve in the wame

woy in all \ho wubjecis wo that at the ohd of the utey thoy remein clansitiod as
thwoy wote at the time of arrivist at {he botlom,

2! Pyychomolor palormancg.
- Tho data provided by pey thomoton teutu shaw thut o tht group luvet,
nverago variations In perfonmonce bolween the sutiscy sind 180 m, ard betwoen
tho nurfacy g 450 m, sro g tunction of tha daph,

~— Tho wamo 18 ot true oh an individus! level  the great bior«individual
vorubl ity ot 180 metors 1 not found 1t 450 metets whure the suljucts hove i
mure homogenwoun buhaviat

~ {1 the subjacty are clasued nol by e ditteronco biHwoon two siluationn,
Bbut an o tunetion of it absuiute potiormmice [h each of thw sllustions, the
clunpification varuy 1ittie from the suttace to 46U mulete,

Ganglutigin

On thy basiu of the piyehomolor lents It In ponatile o prediet that thore wiil
Lo s fesboning 1 e performunce uf all the subjuctin, Howover, thoet sxinie wuch
an indoesbixdividual difforence ut tho surteco with or withoul hypoxla snd 8t 100
moture thiat 1t In Impaunibie o proclude e behevior of sech nubjecl W 460 me.
totn wiwte connlderabie conatraibls diminlah thiv veriahility .

Tho GO buhavior of o uubject at 400 motore ot be ptodicind by & dive to
1080 mywtors rmndo with radd comprusston vspeclatly 11 the nsmo tenpiratory sixd-
ule i utod, The subjocts who preueil tho groatest modificetions at 180 melais
with i Hin < O, mixture will slao show (b predtest moditicalioie sl 450 mutetn
with the ilu« N, - 09 rixturo, The subjocis wi present the loant moditicationn st
180 mntury wHF‘\ el - O, mixture oro thune who witl bo moul likaty W have the
i

Toant it 450 motets with ﬁ’n Hip - N2 " 0’.! minturn, bt this o ol alwiy s tnio,

The tiet 2l 150 motors with the Ho - 8, mixtae oot subicient § 1E would be
nocunsary o have nteat ot 100 metern wlﬁ\ e uome mixiute an Tt usod sl 440
mulern, We have uoan thet o subtect could have e moaiticelion al hin LEa ot
180 motorn with the He » QO mibadute, shd stow nubetantial moditlcatione ac tiw
nene diplh with the Ho o N - O, mixture, o 1t 4% mitern wiih Wb name mixtuts
fut uning # diferont mude St cdmpreanion,

Tonn renultn dddoed tn the sitondy Wivan dhala tovesl aiee mote st the s,
Jec U ruact diffurently to ptosnore an csn be sy [0 thele Lk oy thedr clinte sl nyrp-
Lot ut it pertonamice .

Furthemaarn, i1 given subjoct, the setinitivily of each of hin symploms mny
Gittur mes ordiby o mode of compreanion an well a e pan s etute el or
tha prenuure et What memaing o be dofitwd (1 the aymplom which woutd be
tho maut uketul I8 apeting oo onty the boul divers (o sltsdy < aaplored dopthng,
wipan I8ty teano bolwoen 450 st GOO mstern, but stisn hone divers wis could
ronint diven ta greater dopthu, 1 would be teoyditng te Tghors the LEG nymbtome
1w porfarmce s (emaine gootd | fowsver, on fiwe bty of dain galtwranl from
priranton 8t groml depdbo, an opileptic asizure cay be anticipsted s (£ O fuinnlbde
thet thy oncomity Keizurs would be doteeiod oily by thae EE O nigne sixd theteby
preovenind in time,

Alnowindurent

Thin worto wan nutprtied by DHET 01971310 toatiznd al hw OEH ol COMEX
1 MEtuailie with tho tecinicnl aenialeics of Ain campnby g with the CF PIL.
ML H ol the French Nivy at Touton (GF R | LaMl B GEINTEERD

Roeleroneon WELY appoat dp (*CRFDEHGH,
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PSYCHOMOTOR PERFORMANCE
AND HIGH PRESSURE NERYOU'4 84 NDROME

HODTFLCATION oF LLECTROPHYSTOLOGICAL SLEER SHL» PHE OV PLIBARLTY
ENVIRUNMENT (31ATA, dlosN, =0, W days, ¥ diveru:
K Ly UCNAKAYAMA and M, MATEUDA.  JTAIAN MARIN

FECHNOLOGY PR LIAMATICY ) Laboratory of I j.o--
=13 Natsumhimascho, Yokowuka=shi, 237=Jupo.,

URCE AN
- Physiology

Thraoo divers (24, 11, Jo yoars otd) foreod e 1o wday
Uhe Jle=N, =0, hyperbar{c¢ uhviconment, was carriod out . oaripe
14 days {0 the hyperbaric chambur (Pre-dive TATA afe:r 5 2w,
Comprossionn 1 oslay, 26ATAY 7 days, JIATAT 7 days, Devom. casion
18 dayn and Pant-dlive IATA adey 4 dayn) . Respuctive partial
proasure of onvironmental uas wan an followny Pogeodatny
PN, =0 THatm, Ploetho othet, Throvdhout the sleep, tu which BRG,
EMO, BOG and EUG wery polygraphieally recorded overyday and

sloep pat torn was analyzed (RECHTSCHAL & RALL IR TN
The TeRult was ag Follows!
1 the rat{o of REM time to total sloop time o 4 divers

docroanod ot the First nioht aftor the compresuion from
LATA Lo 20ATA (Egadh, thet tha total sleep time showod
nonkignt fivant chinqge tor control value,

& The comproskion from 26ATA to JITATA did not aftect the
sluop pattern.

h A Liret ndybt adtor the sdecompreasion, the eatto of
awike timo to total sluep time toeroased plunlficant iy
i comparinon with vontrol vatun, 26NTA and 1LATA,

4, WLLH thu passing of tho axperimontal days, the yatio of
awihe Ll and tiog of wioop dtage (11D Lo total sloep
Lt fnereasomd, then the tatlo of b of ploop atage
Tty to total wlewp time ducreassd (Fo.2)

iy Mto the antio of REM Lime ta total kloop tioe, there
win honubant Fleant diflerencs botwoen LATA dald JOATA
pottod, wined Chun botweetn TATA and VIATA period the ratio
tnervased sfanliteantly tn the latter,

[N Thiy wloep eyele Tiuctgated widely in 26ATA, VATA acd
TOCOMPLONKIOD puriods,

CARDIO-RESPIRATORY EFFECTS

ERRIAIE AN A FACTOR IR UHEVEN VERPLLATEON I DIVENG, 1 % Clatke,

WAy Fiahet g amd Mo 1y daegor o Hovay Hodboal Hereageh sl Eiute e thende,
Maev Taml andd bept af Mhvatolupy, Schoed of Hed b boey, Bagve el g hlay
Cpne sy ey Flucida, 19,4,

At b geane i alveelat atterbal MO d i Cteren e A Qi) wan ot g
Aocade g b theer sub fectn onoa clumbet dlee o T ALY VTR fuvp over el
ot W e espbanatden S b S tease, meot foned bl vt ot bamdy
town tdeint Al it Plae wdn A tediatr b lon o vent b bon el e e oo
ey sanid paas sty Fitw possibb bt should sew e e msn (e ted nbme
Fredbery and Ml CER9 ) b mted that pawn dnentance ot 1 ATA can tnd T o
the dlatgetbat ton ob Ploww tn patallel it anequal eeststanoe afdviea,

Iwee bae bobn cont (hube e the buettame e of e benrgrate iy avsiame  ln
dean Tty and abveay geosmet iy (Head 19900 Nattewing of aliways dinl i s
P gow denm bty pnoredae Dt tatow aind (s e lovale Ehe gl batory plegsin vs
Toapttosl b dmgd fus, AL Eheaph Feedbed g aml Nl 892900 antig wit at 1 AIA,
Toput Ld foet i e phenomeae al fregaemobes wliloh e nel phsedolggbeal 00 te
[0 B, the wark presenbol hrea demenat 1ates thal al Dbl pressnte, pas
Enee tamee el ival by omay peuntt g protoasd Ineguad 1 ten ot vent flatbon w
Bopta ] pempitatory Preguem e arl iy wel D boes pad b Lpaled o the whibeadng ol
Aeabth gty by Ovag f el ot al, (1400,

HItHObs

ATthotgh gan Lier o s an e mennured toandd by tead P90 e Toer
Clben A ol a e quin camnet beoespectmental by beebated trem ta ctieota en
Teatsbaner, A Uheots tlond tivataent bn Uinetore pegiebyeds The hijetarboal and
ccenntn] bwn coppattment moudel ol Che Toap 000 et alL I9O haa e gned i
mag wea by wlth Che add e by of St taner tar Tt b beboal ogutealent
The tameed Cooa comimen upepet gl ey il beovn e o1 Twe Tewdy on bean beoaltwiayn.
Hetma b Toettens e valin a1 1 ATA were ap b ted 1eom ead e DU agust T010 0
o & ey vie bl g at 1900 taw o ATAY nownbine o abest UL am -0 05 an
Vo i e cidnge (0 adrway preomet oy and a9 Hie 1V 0] i mntioe, Dy it e
pCougpes adrwav G loet alteay (hbonchdaly fneg batie wab malntatoed at Jrloan
Ruggentod by Mol (19D Prom The bauede amt tetal Dnpedones oraat lonk were
abtgined alvenlar prensite, bram e aml Gotal (lawn, aid compar Tment volumen,
Fhawe anglen hetween branck Flows g heteen mean alveolar prenssts anl Getal
Plow, an werd b as tatbon of compa)toental $0GE welumen, wite Pl tot
Vel deson b EE fomn o) B gk pendntane v, Tung compl T4t teapliatuaey Pleqrenov,
vl e tanee,

LIMIN A

Althotopthy sthet tadboen b whegen vrrd Tt bon al B AT hive b wevsul
U quant vlviamts oompbban e, D et o) Pl i Eetenc s (Pl between
Alvecbar prewscre atd Plov thanet joe el ool UNTY Y L T
Pt b o campartmental thlnl e Jumes 1y, nd o Jn thie el st itent
Bnlietteon o] npesen vt Vi ton wheneyel Db b e way vlevated gy, 1] An
Venpdt by Teequeney was docreamed, both Vo8 Thbp 0 ol the i tetenoe o
magndtade ot Tam b Flosen peae 1o g patd a0 Thguehesy cottr

pomtlng ba the
Cotimtbiies Traquens s imgolmem dmpmdgne e of I Lokt abowad o bboultgy.

2
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T . . alteration of wleep Ktages at
h the first night of 20NTA periog
" ol suby,
A
" Twy, . M . abie ikt howrn trem Tightn=out
L TR A e L to 1ight s=on
N
I ordinates (trom topl roctat tomp,,

' wkintforohead) tump,, rosprratony

'
"
I‘:"L‘-t ol igatied Lo ratas hemrt tate and alovp wtages

! LRYRIY v
Fiagae
altoration ol wluep wtagoes during oxperimental petjod
(ovary niabth on suby.e

AN BHAL dayn

ondindveg dopth,  sluep time and gt agen

Tl tenotanee Prequietic s condd be bowetid iy Dicreaseh dn et fien taie
) o bung complbanee (03, The poertamoe omndd D tuid b elevated by oan
Tttt D0 deng O e by oa pedus Clen ob atbway crond et fonal atea, ot
vl b Lpme of el Ut b oeducel bhe bvsetaniee Dompuem v oseen bn
Fag, & rom 9% da b2 Hey dat The cane where v and ©ogn foth cmmp) Cenls wete
L v e Y it 0 v e nee e Chvedyy b B B eathe pet o wlhiah
TR vy e led 000 when ativay peniitam en equided 0 ou 0 on o F
e, Jeoamde] r Lt b b The bowe teadyldticr g lewiy, wis dogh Ll Do b
Ul pew bt ad pnerbane e o that wide, abter whteh Ehe V2V ol biE HITY
el trem S0 b e A e detiee of une Wik bkt b lid oA NE M,
VOV e peaned by 1ET Brew 10 e

Plesat fata of pestubane e dlone uler cond i bene ol mepn b vend Tt ten
wloe Ted ba U eamml nevesnenn dq DEdn gt o], demmstpabed bn 1950 lawasvit
Whine pentutmer atd Dt Lane e vt diceeane] T Beth compatbasenda ww With an
Pin twaie i pdn ikt v, gievetnsse fnciegaed eves megr . L geneda by when
Retw s L0y D bis s Dot CAlee Lo paimns il Eanter than dosn (prfulance 1
Wowey ey, with I E8am g an aunocbabed G togee Todviambe onmptGine e
POt cnmaen el gt anl e Do dpcudye Mo gaw pes Cdal cecle totoa given
venphratery oLl b Chan 41 cenisbance Abvne had (s reanwd, Realataioe dinedsis
wenty bad fon b o ghven pleatal preakaie wwbog, wheasas Berianie Doedses
ventHal ton,

Thely g B wen Elatlom mest, ob vomwe, afbot went hal ton petfuston
Pt b (VA0 il thef) eratter. To dest thin, wo lded compat bonnda et funben
e the modedg pol banten wan b bl oo U aaepeal vsnb 1 Eal Lo of earh compatt
el oat [ ATAL Whin abtway teslelanees wbe b beanenl e belil ant fegtanee
v beamnl bentold while mede Hiig the denun :|lllmg|-lwn- ol nodeep dlve, Intal
vl bbatfon at beb B fungeaned by a%% T ¥ 0 tatda whin i lad been
s bptnalle 10 Witk mo weatter, deapped o 000 0 O3 Gt ¢ sbalanl
e tat 1on] whoy pestalaner aleny orrgred. WECh both o sonintanoe arad Dhet tatie
elhmvatmd, The V90 dinl) That Lo bap thin wimple case wan rquad (o [ 2B 0 'l\%
et deamte o o by b andapd dev i) G belween the ol tmenlal @
EabLen Is thus ety wndes (alle elfeel of (aed e,

[ RIRSEIY |

The gt b e el Peao b dene Ll shove depemde upon 00 extetmm e of weme
uneven vent flation ot b ATAL The groatrr 1he upeveinesn ot thee sy fue v, Hhae
prcater wbbl b vhoe vand 11at lon miwmateitnge scaler prenmute.  Some uneveanens
debvara unaveddab e, Tovevey oand appatend by vt it ee by fle wormal A winr
Pl [ youny, heal Vi anbilectn totodhb DD wi sk 1920y Vg dlaty thut fonm
Al A gl oape - Lowed s telabed whetwert anatem e shger gl wdiered Bl
Aatatation © osoagpn cennt gnt Flapen ol alo b9k Whipp and Wa Fhagy P90
Boatotd wtoai V8Im

p ot peaned aunsen @ik s that e thadhnye PG Chang =1 al
wnowmwk (g Kapdsd Jaoe et ) DU boamd hst Che PO b Tween

Slat prennnre bl Flow oal Ehie maath G0 Wedear e ol uneveaness at | OATAL

m oWl Wb g hators . 0p Ceert e s ET) suk e tag the one

eablbitiog the preatvst cldening ol A Al Ax pressare Dicieased was alne Che

cldewt mubiect (A yearat, Inlr\‘r'llnllv, N gy by Lentant (Y66} teves)wid

(o mevent Havs divres ab 3 ATA o ¥70 dhatr Dharnn, perewntage nhatt, sl wide

i 104 1k ki AMG i i) ol ke iad S
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SESSION IX

A-aliny camprable to that tound A0 odder nondivera, Seo inp histot (en,
wnfoptunately, wore pat plvew,

Pomdellutt, a phvomenon where one Tung walt vella whitbe anathor vmpt Les,
fhereasen phyniolonteal dead spnee, dmpattn gas exchanpe (Wost 1970 and
eRiatn whenever compatimental time constaits ate uequal. boeltamc - bty
tnerenaes Fendoliugt at wome renpiratory Frequoncien, but reducers 1t v nea
avru gt the Juwet atrway redvnsies Fregueney,  Thin el tect may taduee, bot
certalinly not obviate, the consequenes oF groks vertClatton unevonness at that
fedquoney,

Tnbtlally, wuke teparth wounld appesr to retute the preseit theoret feal
ubawevat tonk, i tw wbudben union elther o denwe gan ot | ATA (Fe, dledatll
toal, THH) or aty at 7 ATA (Saltemanr vt al, 1971), A-aldts wias noon to dectease,
Bul, tn both wtudqew respdratory frequencion (7 ta 2% B were Tower than
iowe eapicled (0 praduce a4 mador lnertanes offoct,  Furlhersote, thele are
vidonbteddy dunn (y-depemdent phonomena st fneLidid Ao Uhe moded g may add
0 opan minfog (Moud ot Al 19768), L wpite of thewe resecvat fomn, one of
Saltemants (1921] thivew sublucts had o clange of A-abdy st 7 ATA, tnoaplie ot
o dverveansl Foapltatory Traguoney abid e reasmd tolad venttatien, compaeed Lo
the | ATA rantrol (a change (hat whould have minimfged Axalid e AL B ATA (hix
wubfeet Wbl the highest Asabg (7L wn ig) damd Ehesgdore wlpht bave bern Uhe
gt wuseopt e ta lertanee eltects (0 the A-aliny add been relaimd tooa wide
Y disteibtdons the lnartanere ellectd presented (o Dhie paped way therelate
odp eaplnin some ot the vartabilily seen fn othey worka,

Usitortunntely, the prasent moded (8 imttal by thy numbet b tenplintety
varfablos that miat be cunslderad,  Consoquont 1t dogree o1 vven Hie
sortatnty ub an [tereasy [ utovel venthLation under presaute vannat e odefined,
Noverthelvwn, 1t Dn akfomatte that the higher Vhe pespliatory frsquems the

move L ikely €0 6 Lt Lhertanes eftects witl he o mngtostod,  Dhal theme
affeetn miy (ctade the redistributton of flown 4l careent iy shtalnabile pruswaton
tok el hoen greviousty appreciateds Gertatiley g any factor that potentlatly
Ampaty renpbeat ton at Wigh pressures, evon thatigl the g ysent he i, s
ot canestn to diving physlologlatn, and whsuld be added to the TR ol Lo totn
that nibble away at a diver s venpiratory rererve,  Mhin wbude Tutther Dilantintes
vot wiwtlies wxanple 1 whteh podpreatore fnadeguae toa mv e anp ! wd by
Phensnbe,
Pl b Ctwate canevrn of any xbuwdy of wneven venttlatfon, \‘"i‘! Tat o o
ar A=aiflyy whoudd be artetial axvgenat ton, yposesla 18 not unwalbly o voneein
(U diving beeauss of the blgh feaptoed PO Reverthe less, Span vt al, win,
W ot g Pads e betwesn DR and 190 mn e ducbng rent gl vxevedne al o0 ATA,
Sh ohmerye wnexplnbid Bwiings ol bobh A-at ad Paske an pressage vl ted,
Breeause 11 1w nod known how Laplids Pats van doten forale undet tervised
Plensuteg mndtor fap ot |‘ml_. wind A-aB dur kg vxer o Lee appedte wartanlod on
Putare deep saturat lon dlves, |
AERHONLLIGMY R
Hoval Hodgeal Rewvareh amd eve fopment Somnangdy Sk 0w S, HUDED, Bu
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CARDIO-RESPIRATORY EFFECTS

In the other twa examples of pressure tomperature st tn ose i lation
ocearred i the condact fon time between the stinalat g amd recordimg sites,
There was no apprec bable varintaan in AMD, suggesting that peahrane oagftabbl
Pty mot refractoriness jer aey wes altemately Jimineshod ot (2701 ALAL
Wiming the flssues o 30°C ubalished the arrhvtimia,

Cambiguit lohs of pFite stress dnd prossure dre also patentinlly arrhythma-
poie . Ad noted in Table 1, arvhytimias developed In 258 of the rabhit atria
P1) w50y of dmll Purkinje proparat tons (V) always i confunet ton with
Taster vates and higher pressures,  Abnommat atriad comduct fon appeared as o
312 block at 100 ATA when the preing vate was (neveased to 200 padxesanin: ',
Increasing the pressure demonstrated the additlve sature of the te/prvanire
stresne At 1M ATA the 302 Dloek was vvident at a slower pate of 150 prilse
minc o Incrensdng the rate to 00 pulsesonin Vojpctensed the conduction detiest,
resdlting noa 201 blovck,

A conduct ton black was also oncoutersd 18 2 Purkinje Ciber prepon-
tions {see Voin Tuble 1) subijected to rupld st ot ion at 150 ATA Iln these
Uibors the AT of the conductid dmpradse was marhedly Jomger than the stimdus
cycle length (250 maec),  Thus the next stimgdus wok delivered during the
relative vefrwtory pertod of the tissue, and therelore wble to evoke o
propagated responses The resultunt dropped heat enablad the tissne W0 recover
suftivientiy to vespond to the subzogquent stimilus, establishing the 20 con-
daet fon pattetn,

Other rate wd prossure reduated arthytintas i Rukinge fibors (v of Tabie
1) wors Wentified by an osetdiation tn dgnalae conduction tine.  In these
oxiomplos, overy other stimitus pulse oceurrad during the teoninal repolarian
ton Limb of the proceding Meking wction potentiol, e rosultant response
was inttlated from a depolurized Tovel of mmbrane potanttal,  As i result, this
action potentfal hnd o rediced Vg ol condie ted more stowdy than the proceding
response,  The afD af the "slow' response wis shietensd such that repoiarizg
tion wik complete prior to the occirronee of the nest stimidus, U neat
response, ot iinating Feom the Fully polivdaod membrane, propagated mive of foe
tively, Thasy an ool latory condie tion prtter wis thetoehy establtishwd,

Thee present Pindings ofTer thstght into the srvhytimogenic poteney of
clovnted hivdrostatic presaars,  gh pressire redoces the safety mtpin (or
cardiae condie Clon by deptosa ity ege Habibity, decreas g mesbrane Tespons bve
news, ad pratong tng the weteactory perfode " Thene pressure - iducad perturba
tious e he of sultictont degree, under cortabn vl tanees, te bemd to the
devedupment uf overt avehythulas,

ecritsen B tewperature ar b reases by Frogueney ive an additee eftect
with prossure to furthor fower the salety margin for conduction.  his fact dw
ey hdeit b the prosent poport, where arehythinfes were ehcoantored at jon-1se
ATS when vither the tenpetaturt wis Jowered (o 2790 al when thie stimlus tate
vacvedid LHD pulsesantn Yy

Those ronudte oy hove divect appdtvat ion to diving man, Sypleadly, depth,
work loml, wnd hypothemin are three of the priseey sofety concetts durtag an
upetewiter dives O fronf s eperbents iy stmbite the vondd tions of a
diver warking an cold waters e Fhndings suggest that o diver wder these
comliEfoms my have an b vewssd probabil ity ol develophng e aberemt cnndis
rhythin,  obviaisly, the occurreme and sever ity of mw arrhytimde Wil alsa e
depetdent on other Faetors eatanaey cleealntion, ol Getors scting on the
hoarty eted) vont ettt fng to the dicrvase T cord e salsty mrgin, Awiatoness
of the pisk fnctors could enhanee the overall sfety of mabned vaploeat fon ol
the s,

Reletonews will appeat {0 PHOCERDINGS,
Figuen 1, Pabide 1, Tollow,
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TANLE 1
Arthytinbas encantered during hydrostatic conpression

Tow R Al

JRELIUY \
i Sinus nade  60-150 ATA Q330 Bradycantia, 4
Ladt block
1 Atria 100150 ATA RLAN 150- 200 350 hlack, 4
12 ol B) 2i1 blovk
L1 arbinje 1t ATA e o Coupled extra- Present
th systoles repurt
W Murkingo 150 ATA 270 ] 21 block, Mresont
ool 1) sl fatory roport
conduet fon
Vo wrkinfe 150 ATA AIAS o i1 block, Prosent
4 of §) Oxciflutory roport

condinet o
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THE PEERET 0F ALCQNOL ON THE CARD LOVARBEUULAR ANIRSEMPRTS o P00 wiv) iRt ex oIy
MAN, 1o B Wittmera, ey 1L Fabrbankn, 8 Wwetahlen, and R Pagu,
Botartment ot DY T et wf Mol ledne, Dndveratty of Snneswota, iluth,
by RS

Butully, M

e entd lovaneatat chtipen obsereed whon an antmal sabmerees 1y wat oy
Clugpeane (0 heart vate and wertohera] vasoconnt e ond have been det fued an
the "dise pebbex"s Thin vetlen tn connldered oxvren comegy i and Hile pive
aerving bh many divinoe woeeten, Al thoueh attonusted, Ihis seliex tx plesont
Tnomans T st udfes presented here deal with the wilecl of aleolwmd consumid fun
il e dlve teflex (0omim,

The waiskec Tk Fot those oknerbneat s wore Boallle male aml Tomade voluntests,
tangine tnawe Lean M0 b A0 yeab i, Neatt Yale was coit Ihnousy mmitorod by g
it e Tl Eodemet ey svatom gl 1ate vateadated ver a5 Weal wone or for yely
vl pabes by R el Doty Slood pressute Covnled e adtantatte ) wae
mranued w4 wen - antamet b pasmal eooalt and b poshone sertem, e dive
1eblem war eb b fed by bl A neb et s B fan e teved ot The patn)
v bl wdter U 100 Bxnleed i s baen Wil e monisitod wT00 A4 s lrompter
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that lubp volume tan Jobp an womibied Ghoalt ot sobmersed To vated,
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ws achiends A Chat petat e Dreath o ine maneavers gl both Long v liee,
Aoadt amd Wt el beheabed.
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SESSION IX

S cnmme ee tad divees and % Hoyod Navy ddvera took e n
hin srady, CARIA ot nteb The MREC dqiest fonan e an
Perpitntury aympltugie wore taeml to abbain bndoent ton aliont the
dlverty medicnly diy g il wimak b, lubstorios, The wolpht,
holght aml apge of ench divey wow teeardol, Mensulonnnt s woprs
i o= vitnd vopaoity (W0}, furoed vitnd onpnebiy (Fve)
Fareed vxpivatuey volume in one Roecond (I-‘l-\'l) uRiigr o Vitntopraph
al foldowing n wlrtel protocod, fhio Kanbwiral'l (IU”,")
nomogram sne uaed 1o give predicted volues for FEV s BVU o
oned lbver, s pomsgenn wos ehiosen boenuse i givoen e
PLORORL tgreement wiih pesulta from more recont populution
atwdios aud gives the higheat prodie tod valuss, the Kopy
Jomuiaem giv i proedic fod valuos 82100 betuw those vuktently
neeeplod, Upg o the ReamburaCl nomogeam would thus win bl
the ottueer ol diving,

(o bas o measuromonta wors  used fo calidatog-
FEVE VO actund vo predicted PEVy sailo (rrvgn, FEvyp) wetuand
to pragietod PVE o prtio (IVORCRVCR)E the ratlo of netund te
prend e ol FEV AEVE PEY Y 7PV )0, (FTY ) 2Fve Y p ) nml the G e renen
bBotwoon vitnl vapoeity il forer d viial capaeity (Yo - Bved,

the avernge volues ok ZRO dlvers guve o sdgndftieantly high
FEV Yy A0 Wigher tum pradleted) o signiPlennily high Fye,
HooN hggthar (i pradictady v shgndtleant by Jow Flvy pve,
below predijetalp P lows than 0000 Ly all conon, Pl avionage
FEV ) EV Wi 1O el the mene V=BV B2 0l

Fyrthoe wintint beal anndyatn bl pst domonstralo o
wipgnbCtoand difroevenes hotwoolh oynl Novy ol conmeee ol
VUK U botwoon sioke s ikl tot=stivike e thopeloes e 380
wore not divided o the more dotattod anokysis o cosgling

Linoar pogbonalon alatintiea wore usml (o svnluste L
Intivenee ol nge, the fal'baenes of e guimber of yoones
wivimge mid Che dnriunneo of the moximm dapth at whieh ancely
aiver lunl workm, Divers whin hnd dete solurntion diving
wore compiaid with those who lund not,

FEN P ARVE dovrssmd shgndrieant by with tneesus g g
1t OL000 ), VCaFVC st roammt wigi iz iennt Ty with npo
O 0 ULUN) ol FVE Ve e reanimd whin P lean 0y with age
ooy, The atimbett ot yonrs PFor wlibeh (he wnbgoet
Boen o lbver corpolnted g ricsny Iy with u deereane in
FUEVEINC amth with oo inerense I Vealve, Pl el Poel ol apu
ol er tumbe e of yenva Hiving aee nnl tilepedon] ol ench
nbhee el Parthor R A LIeRD Buntywin IR eeesenry to
HUPLELD the two ol Toots,

-

EVERZENCp aned FIN g FEVyp Both dnervase sbgnd © beant Ly
with tnepvanngd s dopli Vo wiibeli the kabjnel had
vt (10 000) il nke elngaad ) LEEEE Ly by
A LURA Lon e Ev S compieron wi L noiesalbuent ot dis Eng, n
soenepnl woddver who hing dotin setue b con dlivige as dived
deepee wml therelore FUrOee mhinlywin Le poseraney 1o
APl Ll twa of Foei s,

(n doneiukbon diving gnwses B it leant clobges (o
FEYE 0 1Y aml FEY L FYe aomd Vhose chipen pomindne s s Peat
wihit e eolmipa el \-Hl‘n the salduen peodde il Brom aamiggeniis whiel
wllow Foar Lhe ol fee) ol wie, [t s therefure siggentod
Ehal U pomogioma ud prodbe Clon mpt bans oyt bnbibe rom
Atinfben oo dohedivisg popuiation nee uol nppropeinte for
HRE Lh dbvbe, A Mvers nomogeam” choubd be ouned which
woubil avdom ek by Torbing FEVEZEVE vnluna Into Ve with
thane whitelt godlenl peactilionees uke for noedivinge
Pl Lune

o % %

REGULATION AND FREQUENCY OF HEART RATE DURING OPEN-SLA SATURATION DI~
VING, 5, M, Golgvie snd A, b Mdavie, Navol Madlcal Inatitute Spilt ond Ingtitute of
Avint o WedTe (i, Zamon, Yugornyie.

Tive ECG and [mtantansous heait tale of fuur ayuanauhs duting o four -day open-ien
witurgtlon diving at 100 m with axcursiont down to 120 m were recorded on an elghtechans
nol Backman biomedlcal racorder, The hivtographlc analysls of the instantuneous haart rate
wiit ohtained by o modified Potin=Basvakl method,

Duting the firgh 24 houtt o) 100 m, the lwart rate of thies of the four ayguanauts de-
cromved by 21, 14% In relation te the contiol valus, This wat accompanied by o matked
shifh of the Imtantanecus pulse tute’ s hiviogiaphle cutve to the (eft, Indicating vagotonia,
A this tege, the histographlc scurve peoki 1niyed between 33-37 and 50-54 beat vhere~
a the control values wers batwean 449 and 60+64, Duting the nent three dayt ot 10 m
and decompression, the histographiz eurves were sioh!l1ud between the conhol curve and
the hivtographle curve obtained for the fint 24 ho 14 gl 100 m, The hittographic curvas
ranged batween 40: 44 and 53-39 heoty pet minute and the nverays heart rate wes §,77%
slowar than under cantral condilions, During slesp, iha hsurt rafe of olf four aquanauts
wan on the avarage 13,8% lowar than durlng the day. A 100 m, exerclie on an srgecycle
vnder o |47 -watt logd priduced tachycardia In all four navenauls, However, the tachycars
din was o the aveiage 24,3% lowst than tachycardio produc ed by the lame physical oifot
under contro) cenditions, Whetuas hittographic-curve peaks ranged batwaen 130 and 134
begts par minute under contral conditlant, undar hypaiballc cond/tont they were hatween
100 gnd 104 baats at ) 00 m and markedly shifting the hivlographle cutve 1o the left,

The study contlrm the findinge accordling to which bradicardia b characleratle ot
Jhe hyoerbatic enviconment, This bradicetdla 1t the mos prongunced d ting the fint 24
hours ot 100 m (ndeptution) and during tleap. The study al1o thows vagatonia ot character).
Wiy during saturgtion diving and decompramion, Howeve:, even under thess unnahurg) con-
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dition the human organitm reacts with u tegular circard an thythm - further slowing of the
pulie 1ote dicing sleep and tachyzardlq duilng exercise,
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TNFLURRCE OF PHE IRAUTHATORY RERFORT AND M0ALLCATNG OL TRE CARDICW
VABCUL AR RESPONSE TC STHULATED DIVIHNG AND WG ATH=NCLDING,

[y _Prng®s  Depte Fhgntols, Culdifud, Hut '] Tatwan t,,Ta
wivan, NHopublia of Ubinm,

chintneteriotiy capdiovaacular redons to divipe tn well Whawn,
Untidevda ot aly (1YY8) ropovted thnt reflex bragycardin durdng diving
1w Peducud by tnepiratory eilort aradnnt o clonnd glottim op by
awndlowing, However their effact on pullex vasodonntriction remsivn
to be clurdried,

Twenty=unn healthy youm met voluntesred ac the subjectse  Thy
wubdeet wei sentsd loapdng forwvaprd, sand linld hin brenth for %0 ner,
Aftut 4 rent for Sa% min with normal vesxpipstion, he repented hresth.
holding durdng which on inopiratory ofTort apadnnt ¢loned afrway wan
made fol Y Hee vk uwnllowing wan porTobmed,  After taking another pent
with quicl brusthing, Nis face wax dmmerusd tor %0 msee 4n a banin of
water at vuom temperature Lo simelote diving, He Pepented fnes tamepe
aponpduring shich an innpdratory eftort or swailowdng wan parformed,
UG ahd fluger plothyamoream wete mondtored on & Opaed model ? polys
Flaphiy

Heart tute decronced from 77,% 8 3,5 bym for eontiol to Gl %k o
bpm turdng diving (1<, 03, ne0), and from 28,8 0 38 bpm for control to
Ve s sed bpm durdng bruutn-noidiny (B 01 ety Intervention with
inapieatory sffort o awillowing durdng diving ob brenthshelding attens.
Uated reflex bradyonrdia, while £t did nut nftect refler vusvconntrio-
tiohe ALLUY smvrotony heabt vale redovelod and vampdiialfon aucurred,

1t waa reportud that dnupiratory efrort wnd wwallowdog can actie
vate owntrally the venpiratory nsuvons and poriforrlly Lo tntrarulmos
Nty resvptor rosulting Lranolont tachyenrddn,  Huwover we obie Fyed
that vanoounstrloting ronpunse to diving wah ot affuctsd by thune
intetventionws Our previvun atudy showsd that hewrt pate did not deos
rranv, while vasosunutrictlon n]){‘mn‘ml duringe Valanlva maneuver, Hither
ab bnerondw of decrvame i botrathoracte prosours may affoet cardiovans
culnr renpunes bu divinge Appurently bradycardie and vauaconutriedying
renjotpen to diving aind bronthelolding kesm to e fndependent 4n human
nubgoct, while vapotomy o neleetive deatesction of fhe chomapareptor
whulinhed Both bradyeardie and vamoe sntrdeting eoopennum to diviog
(lunip 19deo e T tn wedl Rnown Yhat ot thy theda may devodap dukbne dive
tne or breath=hulding, Hosever we potod that an tntervention wily §ns
spirntury vliort of deallowing dubiny diving did cobt fnduas needouns
arrhythwba tn bopltny cutjectn,

kN W

VELLUAT N, PATTERE OF BKEATHERG AND ACTIVITY UF KDGPIRATORY MUSULER TN AWAKI
CATH BURENG OXYGTN-HELTUH HIMALTD DEVES . Gy bbetty, Yo Domien, B, Nutaki
LU bty My Bugon amd U, un it o e dee Pysdolorle Hepettinie’y G0 R4
Havwel Tt (\.mr\n

Renpabatory dinttosn D bin depo) Cnd b atimaie daring axpoRuren at
Wigh prowsatsn of oxvginuchod lum and Felalud to the inorrase o e aitwiys
Powbubanew die b obenme Wk Dientlyng (MG Thsin ot oabe, 19625 Clemiteau, TH LY,
11 bt Baon ahowtn b man that the ehbian sient o the mec i nd worlk ol hoes
UNEBR CEoee ol vl e Eivtty ol TeRpitabnry mine few) vamentbal by tenndts Tyam
A Umpoar tant Lendbtine effect ol the dynamle compreskion ol nbrwiys, which
contetn the  expitatory (low Dote even dadbug quiel Beathing (Yoo wt ol
Ebars Dhin paper deale with the abbirty of veatitatary daaclos 1o sintain
BEesthing b cats ot prownupes up bo S0 dtwopheren ol crygein-hnd i (90 pey ),

ME o

Tun onta wete unil, weighitg Z0) te b kg aml 10t A0 wontha wld, Mya -
Aaphie potentialn wte tooarbal thrsuph platinies dipotae electiodea selduiwl
oo n mtaindean, Lelbod-rodtud wite. the wlertvder were fupeteml (0 the vupoe
Tk o b dinphnagm, the exturnad ol fguas Cabdominal wuncis) amd {n F oatw,
B the dntercontal muncten (3d and TOEL spacend, Burgety was porforiad 10 Lo
P days belorw divinge b ing the seiovery petdod, the anlmals waie trained to
atay {0 whelw hondy vobumwe-adfaplacement plathyamogyaphibc bow e fe pietlivem. -
Araphic bex wan conner lad tao w0 Ko’ s wpliometer coupied with an anpgula)r dise
placament wunme) ety ol Giben LEQG AL by The vpsponne o thia ay
win yer el Al depthie ap to TOUD maw, aaing & vend Elatoty pump abls to work
apainnt WLl prosuuren, Koo chatge @i ot S the peaponss hetwenn sen Jevwi
aink depth WLERES Che tange ol ventilatary fruguenc ten of cuts (2 (o YO min 'L
The pleghynmopidph tvelume 1% 1) containing the anlmat wan fitiml futn an
hypserbarte chomber (volume T8% L) cunniested to an extetnal §1le suppere sys-
(e whibed ol towed the pemoval ol catieny dtonyde amd vedatile pollatanta, I




CARDIO-RESPIRATORY EFFECTS

CRYREN At tia L presmn e 00 te D05y atme ), the relative hamddicy (3 e o
Peosentd wnd the aabient tomperatoty 050 to 14"CY) wete autemitival Ly moni to) ed,
Lobiprersiol of the vhambier was aehieved by Dngect ing pute hebiume e (um\-ll'*l'
Abon Lated Were progressively decesaned wieh cwe depel (181 to 19 kW ii=1 ),
Stops ot varied durntions (o 2 te 0 houta) fook place at YL BO0 aud s
wiww Tur physiobogieal messarameatss tha tatal duratfon of decompraneion |
UL www to W Tuvel wan 79 otk using an expotiential cubve copracted Tur
the body welght of cutn (Gordette vt alo 1929, Rine amimils suevivad decone
prewston, thus b lowing post=dive vent{latory and slectromyoptaphical contrain,

KEHU

hy o rantE o and pa ot bavatidbing,

Bale atwy an important hyperventitation was obiserved uking winpren-
who, ankovtated o lunktwning perlods o wotar excitement, leaeu, high
Prudaurey Dncrvased minute volume ot ventdlatton (V) , thin wifet beigg vye
hancod py Wgh ratey of compresxions Hotwaun B0 and Yoy whwy Vi could raneh
L BRsomin! Cloas maee thun b tines the contrel value al wen fevel)s This
witk achiioved by Coecoaning the thdal volume (Vp) and the tespliatory rate (ryh
Darfiy the stapry e animale continved to hyperventitate but breathed wore
veulariyy \':'n wan analysud fo termw of tour variabiew, {udepondont with rea-
pect ol the ventrol ot bruathiog 1 g P/ o (ratlo betsvuen Ui durations ol
wupleation aml Lhe Lotal eyeloly, ¥poamd Y3/Z00 Quean fnspivatery Tlow rdatue),
Vi budng vguad wfther to tho SRV or the (V2T N2 pap) prodiet (M Ees
Bk LG and Ghanste by 1970, Yoot latury datas Cram dUT0eient anfmls were po-
oled topether with rospect to the dive prafilon, Flpare U oeolluets tiw relatie
v chanpes In ventilatory vardablon mansuted durfng stops In 4 caly conprasiel
From U ta Y00 waw oyuy a puriod ol 16 hours, waing an fduntieal comprossiog
procedueec TWonty suervanive broaths wera taken into sesing dob wseh anfmal
amd o naeh condiutisine T chonpes arn expressod in pereontapgus ol Uw enle=
roped salues abitafaud at sva Leved o Blhndtfeant ehaimpes i vach sarfabls bee-
woen ntupn wore anneased buowach andoel by o Student s € tents Loam 300 umw,
sltgnddleant (2 p % 6,0%) Dreraadon {0 V9 ol VT oeeueeds Hoommiffeant
vhaniey twbtber (0 (e oo b Tp/pgr eontd be obreevet up to Y00 nxw,

e Do ol Ll et rapd etery seolen

Inopdatomy gt e AR sl G0 T2, an Simportant fnervane (b
fntegcated EiMie of the cupotae of tle dlaphragn wis obaersedc This ficrease
fn ruerultmont of wotor unite appaneed Crom 00 oo onwards g wes ansee fogmd
with U dinappyatatey ol the port-tnspdtatary dfscharaes tw wornad diaphrag-
matfv pattorn wiw pecaversd whun animile wers cotutiod to owen vl

Fapr etory 007Nt By iog compreskion wia brom 100 aaw sbwatkds e an
vaplratory abdumingl weclvity win sbserveds Thin active expiration eceurod
Tt alb eyelwd amd eontinoud when the compression win stoppeds 1t dirappuarad
dutdng ducompresnlon at abuut 200 mawe tn ook anlmal, trauefont axpiratery
activition were oburved at vory BEgh pressaroy (HOU maw) 1y fnteraal futuge
conlal wmnelew (TOPR wpaeeds Thin activity wor augocintnd vioh suldey bursts
aof avtivity tn the dbaphiragn during the eapitatory pliise,

DIRCUSKIOR

The chandes Il activity of rowpiratory muedos suonwd onseatinlly to
teault tram an dpersane (o the airwiyn tenfntaneo dug Lo denre gan bragthing
A conbrol expat fawnt won perlotmd ot sea tovels The cat wore an oronasal sk
vomwetinl tnog twoewaya vilve altowing the addiedon of o texiative Tamd withey
te the Laspleatory of thu unpleatory Hany Wen the readutive Load wian addod
to thy thepleatory aldoy thu netivity of the diaphragn (nereasud without vhiags
e bu ot posb<tanpientory aetivity, Wion the reslstive Load was addil to the
vkpiratory abdw, the pst={uapizatory nerivity of the diaphrapm, whlen gormal-
1y vounters tha unpieation, vaw groatly reduced Hovevar, chistigon i the
pottokn af broathitog did not saem to depend ouly an ineroased aliwsyn yeulgs
tawray T TP/Tpgp rebationebiip and (g bt not vaby, The el bas conttal of th
vuntibatury thlan (rom branelspulmonary af turences lark and Yon Eu NLEE
Wianbng ated Widd feanbe o 19700 appunteid to i s btered denpite the faesedny Tn
Bt luginf by Uy the obher bamdy (ncrenses Dn ¥ pamd V2T e prinelpally obe
wervwd at wud buvel wiwen chumorocoptore wre stimidatel olther by hyposmia
Claneen ut alo, 1929 ov by hyporeapnia toransteln et aly 1940 An fnerease (n
snerygy eapunditure aknochatod tooain {WpaiEment of pilmonary gas xehange, s
Hippostod by Choutvan CI920), vould possibly explain an inerwase fn the vespl-
HALREY runtron vntput,
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Raforeticon will appuar 1n PROGERDINGE,
Figurun follow,
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Helattve changen by vent Hlator s vatiablow meanniml in % it okpeaml o
Nigh pruwxores uf crypenshel i s asiap o dentiea b compr enatog pleceduieg
Aduring atupe ak HHL A and WO maw, BEaote volume o vents Lation (N0, tes-
POEY Drouatiey CFp), 1ot bo hptemnen darat bine ol paspleat bos el the total
Wredth C1 7 bp phy tidal viclime VY aawd moan bnapin sbory (10w fate an bt g
ol ddupth,
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e apper par U sl sinsd tameots graphle a-ectdimm 3 the spitegiam ;
Wt vhecttbo b ivitTes oF the Flaht amd Tete capobge ol the diaphiaem
Gl e alndom na L meebu (Lt OB obtalned Tnoan awokis eat at e Level, b

Dot i b abep o 900wy The mumenbady oo 00w Clen wete placuyned by o

Pen A blee=vapa d tasee fnbmnabar CHOR aml by a0 vel tages LosTEoquuiicy Eitagtt s
B VG the fowet patt det by patteinn ob dincharge o Une 3 oghtdinphiag: §
Ml be vapola wnd Cdeht vxlotnad obligusa, '
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PHYSTOLOTTCAL BESPONSES 0 1HMMEREION AT 3LATA (SEAURAGON 14}, My Matsuda,
b Honeyy, Ho, titkaya, o APLUG Lo Co Wb by Glaghaughy G Lutdarin ang |
t, dapan Marine Sctence and Tochnotony Tentoy, Yokusubay Jdapanyg Ltate ' s
1y ol Pew York at Huftalo, Buffalo, How York, 1,540 Ddversiiy of
Hawad 4 and Drdplor Avmy Hedfead conter, Bemotulu, Bawad s, 8 Ay Tebas
Pidyees Uty Dsohara, dapan,

Cartoregpirntory avd renal respanses to o Jehour headsout fismms fon 1
thervoneuteal water (8 30W0) woren studted 1n 4 male divors before (prediye
conleol ol 1OATA atedy duetng (0 wubfinty pach on the Pth and 11th day at 3l
AA} and atter (postdive control ab T AA adr) o 14ty diy waturat tan diye at
JUATA [SEADRALOR 1V}, conduetod at the dapan fariue S fonce and Techno ngy .
ventme i Julys=Soptemboer, 19749, i

ook expueiment consislod of theew pertods: 1 e presimmers ton, ¢ hr
e on, et Do pustemesenton, At Joro L ey Be sghise L osaptfed B
urinary hladder and startml the prosfmmersion porjod while wegtid by the wel
pot Anstde the hypoelar fe chambior, T csabier ty temperature wis ratntaioed '
At b TOATA (hoth pros and postdive) and S0 Al SUATA, e ubn tat
Yoowiton) and ractal tempoeratures wore ssasgrol overy 1o min, fuy b et v

vardfaareaph wyn Taben af Stoamd A ming while the wimte voluoe (4 by mavarn o
[RESATUNN S LTI RIS P T U R TR ((‘(|.<! werr detepe g 4l L8 edng The Co
VI capd by 8mb ity bty is o wiebe delecsdned a8 Setn, AL Mouing

visrun blood sample was alita ey follosed By wetne ondbm tton w0 0wl 1w [
sl iped then entired the wet s and bewowed Boeld b thie mem b taog < e 1

poestbian for 2 ks afurTon whlo b PO Fhe gar vopy, pnsnan onael s o b by

were prprated each bour o erveppd tor tec b in b ptre aind vetons biomt W!
s Linn, A The ond af 1l i Aty Ehe sl ot came g ool T wet ol 3
brief by teourimabe and then eptgpmeed depediately, A osbe emd ot ke !
Sty Joly Phe subylect came oul ol the sl pal and g imeted wead lely, Lal oy i
S b ich a volsns hluod sainple was ohbaliosed,  artnn the | L ot - 4
peetid, wll eeasurementy were cepratad evoept e the venmp. blon H
Gveral 1y there wore mtor v ta 0oy b Do pc Ll gl seah wbyn t 1
durthe Che d be e fody but sl subigects el At comtor Labde theomhord b l i
ey ot and Hhpee e ooconsistent change th Vo, an aeta bl wiih D ]

bady teeqarature Clectunbone, In fac by the S tendind ta by w3 okt ly Lower -

Ut Aomers ton as conparnd T be pree gnd o’ i te oy L por oy o Thisae 1

Cindties tndfeate the abyenoe of any cold wbyess,

The vital capae tly (V0E (0 D0 at tastb Uoard A1 ALAY feceeated by D I
teeers (on by apprasimte ly 400wl an) cemattend Low Uhragehee? (hie S s 1on
poviot at both pepsggeay, Igredng pog b fiees don, the YO returamsd to the pre-
tocersion Tovel, Albhoush the vepdratony teserve yolyse (1Y) wan nigber 4t 1l
ATA b corpared to b ATA TAERV- WO 1 UPGY 0 LE derreass] upnn Sty fol by .
approxtoatedy LD LB at tedh presa the patters of Channge of the ;
Tespiratory capaci by (0] wan et Lad Iy of peosite e bial of tlae 11y,

Thie Beaet vate durtng pre-trmet s o wan AHightly fower ot 0 ATA (had 4l
MA Bt wan the spme at both treswures darne Lamer sdan or poe - Sogeer s ion,
Althaunh the thorac te fppodn e (aZim) e veans) by 8 dgetig Uasers fan gl |
caportmenty 4 wan Towest ot b AA peedive, amb tnoregned ot 30 AR and at
TALA posttverg fo that order, 0n the othee hand, the oppay ite Sretd was
obyprved for the caloulated strabe tndux and cavdine tdoxe Althaugh the
Tattwr vartablos tnorpased signitteant ly during taowrsfon, thay wore bighest ot
1 ATA [\vrmﬂvq- and docreased at 3F ATA and at 1T ATA postdive, iy that arder
(g 4,

Au onpoctdd, o stunifioant diurests and natriuroste doyelor d dur bng
fiwwrsdon (noatl experiments (04g, 2)0 AU L MA pradive, the grsme flow
Ancreasidd Seom about Vel /min during precisercion to 4, 000,00 (41 ) durimg the
fient hour and to 6,020 B0 due ing the second hour o Saweres ot atd (hen
deereasmd fo Ve, Homl/min dyring posteimmersfan,  Howoyer , the Ay tuide o)
i e rpane W uene flow dur 1hg temorsdol war approsimately Ste Loy gt tL AR
and bt lesn a3 ATR pastidive, Than at 1 AYA qrodive,  Dho gbowe §$mroase in
arbne fhow dur g troerg Yoh was AccompAiTen By o marbed vedue Uion in et
owanlality,  Thoy, at b ATA predive, the arine became hypotonie (b oo/ bt

S the ypeuid hoge of domprston and thee eotgened ta bygeertonio iy due Ing
post-dmeersion,  Howewyer, the urtor coliscbed durtmg the sonnd boee ot ey
ston way oD Ahightly hypeetonh (380 minm/bg) 4* 10 ATA, ang was tanndderably
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SESSION IX

hypertonic (871 mOsm/Kg) st | ATA postdive. 1t should be pointed out that the
pra-immersion urir? flow and osmolality were guite comparable in all three
experimental condition {1.e., 1 ATA predive, 31 ATA, and 1 ATA postdive), The
craatinine clearance did not change durfng fimers fon at | ATA predive, hut

‘ended to decrease st 31 ATA (from 134112 to 124410 mi/min} and at 1 ATA pusts
dive (from 146176 to 11156 mi/Mn), [t {3, therefore, possible that the nbsarved
difference in the Irmersion diurer{is {5 at least in part due to a differency in
the glomgrular f1itration rate,

Deepite such a marked differance 10 the degrer of fimersion diuresis, there
were ho differences {n the rate of excretfon of Na, K, urca, and total gsmotic
substances under the thres experimental condii{ons, This indicates that the
fractional resbsorption of osmotic substances {s raduced at 31 ATA and at | ATA
vostdive, Such & mingfnance of natriuresis in the face of attenuation of
diurasis during femerddOn at 31 ATA an‘t at | ATA postdive led to & significant
differance {n the frap water cloavance, The latter value was around »&.0 mi/min
during pre-imsersion in all experinunts, and increased to +1.4, -0,5 and 1,0 wi/
min during the second hour of immersion at V ATA predive, 31 ATA, and ) ATA posts
dive, respectively, This fndicates that the free water resbsorption during
fmersion 1y Yesy inhibited at 31 ATA and at 1 ATA postdive than at 1 ATA predive.
Overall, the magn{tude of dfuretic responsa way negat{vely correfated with
urinery ADH excretion (r = -D.36) p<0,026), Howevar, thu natriures|s was not
always accompanied by a reductfon fn urinary aidostorone excration, Although
the underiying mechanismx for this photomenon can not by proposed, it may he
relatnd to the fact that the dogree of {ntrathorscic bived ﬁnnlmg during
{mprursion Sn indlcated by the thoranic impedance, the stroke {ndex, and the
cardiac index} was lower at 31 ATA and ) ATA postdive than at 1 ATA peadive,
These findings also suggest that the adequatr stimaiun for the {nhibitfon of
the renin-aldosterone systen (which {x considerad to be pramarily vesponsibie
for immersfon nnr!urnsui durh\? {rmaryion 1y differsnt fram that for the
h\Mh!Hc)m of ADR (which {s considured to be primarily responsible for imrersion
duresiy),
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iy 11 The offect of hosdsout tnwersion on cardiac indox at | ATA 4t
{ares and postiive) amd 31 ATA Hoahp,  the cavdiac ndox was cadoudated
Tram the valuey of heart rate amt stroke volume (dweived Pram the
thoracic dmpedante), Tach point reprosents the moan of 4 subiocts,
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PR ETLICT OF WATER TEMPURATORE OR VETAL CAPACTEY DURING HEAD- 0T [LUISENTLN

David 1, Kuress @5 1.6, Cusidgren and Arvid do Bische.  Hyperbartc fesearch
Labiratary, Departiient of MhysioTody, State Tinteersity of New Yorb at Buftale,
Hotfato, NHew York 14214,

Dersion may raduce the vital capacity(VC)LThe mechanism has treaditionally
bean as.rlbed o hydvostatic effects, in particular to intrathoracic blood
ponling {3). However, duving luny voluia measurstents §n inmerswd subjects we
nutfced 3 tendency for VC to recover during exercise, A veduction {0 intra-
thoracic bload poating secondavy to warming and vasodilation in periphoral tis.
sues wis a possitiln mechanism that wo considersd For axptadning this abserved
increase fn ¥C,

As A way Lo 11uminate this hypolhesis we tasted the (nfiuence of dif forept
wator temperatures on YC in the fumersad condition, Yarious nanguvers werr
g‘,uhmn’mntly performed to wantpulate the blood distribution fn connection with
mersion,

hots:  Beiweut 3 and 9 subjects wire studind in difforent eaperinents,
Ab oy By sitbing posftion was assuned thrauunaut al) procedures,  While none
{mnersed & bathrobe wes worn and during hedd-out tomors ton the subjocts wore
seim trunks,  Ade tenperature ramed between O and 239C and wator tonppeatu p
way 207, 36D ap APOC, contealted within 0,265C, In some experiments infiatahle
tourntouets were placed as prostully as possible on uppet aoms and tnighy,
Vital capacity was rucorded ropetitively at 2,5 winute 1ntorvaly,  When togrent.
quets wore used the desired pressure wat achieved within a fow Seconds, A
pressury of 250 Tore was ured for arterial stasis amd 60 ant 90 Toy {eutmppnsa), -
Ing for diffurence 1n deptn of fmnersion) was appliod on ares and legs, respe.
tively, for vanous stasts, The Valsalva maneuver was performed gt 8090 aof Y
and was dwmediately Tollowed by & vepid full insplvation and ye dsyremme .

Rosulis: The recults of VO mewsurmmonts 1009 subjocts are showh at nomwl-
frod maah vatues +5.E, In Hg 1, lompddately upon fmmprsiun there was @ fall in
YO to approxfuately 94: of the pre-fmmersion value, with nd stuntiicant diffor.
pfice Beiweun any two water temperatures,  However, within 8,5 Mty ang tor the
romalndor of the fnmeuton perdod, the Ve was clearly affocted by water tompot.
atura,  The aean valuss of all neasurements tn thy atter poriod” are shown for
each tenparatura i Flg 1o As o teasurs of conservatisim W the (nterprutat oy
ol datd, Wan values of measuremente spanning 12,4 min were usisd for Lhe fui) .
sfph vuviod, There was no significant diftervose belween bre= nd posts ey
sfon YO, The mean VO "l WG water was 94,67 40,7 of pree nmersion control vale
uas (e 0,000 In 20C water the VO want dowi feom Lha Jirs tnmers Jon Jpyn)
to a mean vafue of 91,1 «0.6 (p « 0,006}, Thiy 44 fferer dynifacantiy from the
3890 Tovel (p + 0.02%) as woll as from the ADOL Yevel {p - 0,005}, 1Y vy be
foted that theve was a oeadual tall 4 VL 0 2000 waler from O, ) ol e
S5 (L p o 0,01). Remarkably, U 4000 VG vatuo at 90 0,7 wan nol s funi.
Hu\l\ll{ dirferent from the presimmersion eesuity, and 18 was Highor than (he
WOC valun (p o 0,u8b), While all sublecin were corfortaldle In thermoncut v
condition, { e, 300 wator (¢t, 7}, weme foll overly warm in 40 walpr and a1}
telt culd and shiverod fn 9000 walor. 1o theoe sablegts D wed iy T yaley
Al widr i wob sufty e win no sibjeetive toeling of cold and 1o shivering,
Yty thetre mean VO wont as fow an RL0 04, This way ¢ lose to thetr ¥
L3 0,5) when wesring swii tranky th 209 water,
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CARDIO - RESPIRATORY EFFECTS SESSION IX

Mec3:Out immersion in 20°Water Dry {n blood distribution in the 3670 water  However, such adjustiments apparently
otcurred {n the ool and the warm water. After the {nitial 7,51 drop in ¥C 1n

ﬂlg_ﬂﬁlm Venous Slass Virls org 200C weter thers was & further riduction by 2,2t during the irmsriion period,
— - 1 The nature of this slower change {4 1t{1] open to speculation, In addition to

l l the hydrostatic effect un VC tvtdons in 359C watsr there was probably an ele-

ment of cold vasoconstrictinn (n 20°C water accounting for part of the larve,

and {ncreasing, drop fn V€, The possibility canrot be oxcludsd. however, thet
some of the VO reduction toward the end of the exposure to 20%C w.ter was causw
ed by lessening of neuro-muscular perfarnsnce.

The crucial role of bloud redistribution for the observed effacts {s
further borne out by the gains in VC achieved by the spplication of vencus sta.

13 and the Yalsalve mdneuver (4,31 and 6,01, respectively). The effect of the
8% venous stasis |s to allow blood to mulate distal to the taurniquets, The
. increased Intrathoracic pressure denarated by the Valsalva mannuver forces
L 1§ nd Tt bluod out of the chest cavity (cf, 4), After the initfa) drop in VC by 5.7%
upon {mmarsion fn 409C water the VG rapidly recovered almast to tha pra-imner.
sfon lovel. In atl Vkelthood this reflected, after the inftia) increase in
intrathoracic blood volume, & redistribution of blnod from the chest cavity to
" veripheral vessels which were subject tu thermorequiatory vasoditation,
Remarkably, when the subjects were prutected b, & wet suit and comtortable
| a ; in 109C water the Toss in VC was the same (11,17}, and equally rapid, as it was
Fig 2 Vil capaclty (vC) [ the nlttlﬂvnw”“u'\ durlng non """r" on (10,71) when they were naked and nhivering {n 209C water. 1t it therefore reds-
(dry} ami hewd=out lmmersion i 200C water, The effects © t’"‘d onable tn conclude that hush that part of the fntrathoracic blood redistribution
tods of arterial anc venous occluvions by toualquets on urms an which depands on neripheral cold vasoconstriction and that caused by hydrostatic
i lags and the Valsalva ménsuver are shown, The valuey ars means uffects of the fmmersion were of the same magnitude in the two canditions,
15.E, from 3 to 8 expariments {ses sbsclwsa) in 3 or 4 subjects,
| Dashed 1ines indicate wean valuws for measuremants obtalned durlng It fallows Fros the present observations that when lung yolumes are wease
3 related time span, ured during inmersion, and possibly non-immersion, the sublect's thermal si{tua-
k lioa\‘shoyld be cogﬁdnr:t}. In "“"iﬁ"‘ Lo'th: ext;m u‘\nt |M.rnhore$|c bloud
booling haw secondary effpcts on cardiorespiratory function, e.y, causing afr
) Ulscussion: The imediate §-77 raduction fr VC upun ""'“5""“T‘;“"]“""‘ trapping, changes in compliance (2, B) and cardisc output (1), these oo nay
! fncted {wfaiy differing water tenperntyras (20%, 350 and 409C), he ower 8150 be modifled by chanyss in thermal stress, One shoutu aiso hote that wam
tng of the lungs’ capacity to hold air was presunably caused by a L TR water {mmersion, presumably through per.pheral vasodilation, altost conplotely
) distribution of Wlood from the paripheral into rhoracic vessels, L s nat °"l caunteracted the hydrostatic effect avidenced throushout the nevtral tempera-
qafns somo support hy the fact that srierial stasis on thy axtrenfties g":‘"‘" " ture fnmersions, This indicates that fn high temporatures the external hydio-
ad thdis first drop {n VC tn 200C water, The &'{ght veduction {2t} in VC de- static laad during frnersion may be overcoma hy $htravascular hydos:atic
tpite the use of the arturia| stasis may be ascribed to blood mavenent not pre- farces, A naw place of evidence is prasented demonstrating that phys {olagteetly
. ventod by the towrniquets, The Y€ in water of neutral Lenperature (359C) ve. significant cooling may occur in the suited tmorsed subject in the absence of
" mained af the fnitial fnmarsion level, he wean ¥eduction of 647 1% {n good subjective sonsetfons and shiverfng (cfc 6.
L aqreament with 14 other wtudies ylielding an nv.mvile vVt raduction of 6,37 el 2),
N 1t may therefore be conciuded that,after the {nftfal radistribution of blood
due to hydrostatic tnoersion effects, there wers no further waor adjustments Returencon and acnoowlmdgemonta will appear {1 PROCEEDINGS,
! !
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SESSION X OXYGEN SUFFICIENCY

: AND UTILIZATION WITHIN THE CELL
. L et R I The progression of  Ank f4i1ing with  pertusion ducation  fur medial
Py " gastrocuenius atd soleuy musoles 15 shown by lable 1, 14l1ed fraction (lo)
. r_ D CAROTID r AoRTit for  imbivtdusl  (1elds va;‘lud widoly, particularty for short perfustons, byt
- Lhe means increased regularly with times  Thie small  tncrsnent  In o hintwepn
ILCOZ(nu,.) T Tohoand 1M wec suggests Lhess duratione complote the 51140y of & papulation
B sl BH ¢ 7820 ot opoen or well-pertused captilaries. fo alter 1% spc perfusion was taken to
i P (1600 + 133 rapresent this population In resting skeletat muscles {19y, 1-11-A).
X £1Y
‘)‘ 4} The traction of opmen capillaries according Lo this definition fail
o CHEMORE CERTOR betwoun 0.25 and 0454 for four f1e)oy of modial gastroc and was D12 amd 0.3
j, MTM"% for iy trelds of wolous, Moan 1CO's for opan captllaries were (nversely
timpesas™) 3+ rilated to bo, and ranged fron 71 to 133um. Distribution was st{il close to
y: the Yog-normal pattern (Fige 1-11-B) and variability was Increased a4 to
# 2 fell, Tor med{al yastrac, 154 ranged from 0,24 to 0,32, fur soleus, 0.24 to
B I U3 (50 = 0,30 fs aquivalont to 95% of todividual valuus falling between 178
"; N and B otimes the mean).  Tiswue arnay  at diffurent diftuston distances from
| | L LAY %f‘_n capillaries worn computed with respoct tu nuitiplos of tota]
[ FFcu 72, in order to provide an anatomically flued roforshce  for™ VAY
, O-‘. O o 4‘1 L 1 | Figure 1-C (1 and 11) shows a palr of contour maps for 211 capiliaries and
. o - = 0 o ““'K'O“D tor ink-f11Ved capliiaries of une nuscle tield with fo ~ 0,40, [ractional
/ &0 %0 0 8 section arpa within the 1072 contour of b coptiTartes was dimindshod tn
« Oz Hh (%) OpHbi%) ‘n‘up(n‘“un to the reduction in Fa, observed valuss Tying botween 13 and  4b%,
9 he ared hoyond twica the Dasic distance was fncradsed Lo 10% at o « (54,
! Flee o e pelntlve effmete of aetorind i deg Lvegy on Rort b dody il 0-30% 4t bo s 38 0.8, BT At To v 20 and B1% At Fo = 413 it the
L errct L) Bl characept o fet ieily il vartonn cevste distribution patterns  rvepressntad by these soctions are tined tn Liow, tivnan
3 voluee 1ying buyond the unit diffusion radius (100/2, equivatent to radfus of
3 :h Krogh L:y&!mnr? must  detering the critfcal paramoters for U supply to
3 e e o NS oSt ing wustlies,
‘ “a I?}u l.uv'\tuur“mnm :tln-' lmu‘w‘ ﬂl‘ll'lll:'\ul\"\ll\ 3m| :w;h‘ms‘ wuse ) og :hnw
: sYands"  af we sl imd colls surroundad by "svas" of tissue reimole from
! HETLROGENELTY  OF  CAPILLARY  DISTRIDUTION  AND  CAPILLARY CIRCULATION IN opah capitiaries, In mixed muscles, the tolands are  clusterad  avound  groups
v MAMMAL FAN SKELTTAL MUSCLES . of 00 and S0 flbees.  However, groups ot these cells  arn esprosonted
3 E.My Renkin, S.0. Gray, LR, Uodd and B0, Lia, Uopartment of  Human proportianafly in the risote arsas, AVLhough the arvangoment of the ontire
{ Piiyy ioTogy, dehool of W‘hclnd’f'unl‘v'."nf TAUF T DavTe, CA 9661, U,5.A lll"}’ﬂl‘{a 'Jﬁ" u'\‘ a'{"{‘%ﬁ"u“’ N(u' urqnn!u“(‘m of muscle fibur typms :n m'!u-d
[LTETRN 1Y ¢ distribution of open capillaries appraes Lo rosull feom
In evaluating effects uf blowl flow and arterial oxygen content on characterfstivs ot Lhe vascular supply to muscie (fbur bundles, and 1 not
Lissue  ouygen  supply, distribution of  porfusad  capiilaries  is  often sssociatud with Tocallzation of the difterent fhor types,
roprosonted by 3 mean capii)aey dwnsity or average {ntevcapillacy disiance, 5 i
th 4 fleid of uniform oxygen ulitization capacity pere unit mass {1,5,7),  The (Supported by USkiEy Grant 1 17998),
morphology  of  many  mammalian  skelotal muscles  suggests that neither
;np}lgnr 1: nor oxyyun utmu?inn capacn{ are Fvu(\}y dll}rih\lnml.) ptn }:ut
batr pes  are  present (n most musclus: FU (fast ylyculytic Fay P, " SN NG
axi b ivagT Yoo Tyric), S0 (hTow  axtdativale - There’ abtrer i aites B Y o Tar vuocEnIGn,
contraction  velocity, capacity for oxygen uptake and suscoptibitity tu '
vatigue (11, Capillory supply to 06 and 50 fibers 13 yreater per unit fiber
area; lul\x‘lluu %u ch‘mrr‘im‘ of capiliarios M‘;mlld O'Wl'il?' these Hh:rs in
cross-suctions of muscle (6}, Unaven perfusion of the capillary network may e L ] . s . W), A y
Toad tn additiona] {nhonagenaivlvs within tha ditTusion Fietd 14). Unisss the LT O R IR At S LTIV S A el v LR P
distances betwesn porfused  capillaries are tnversely proportional Lo the Lrabs it hon G bt medial gastroctomint,  THIG 1 4 dedattvely "tod® pt of b s be, wilh
rates of Ul{*)ﬂ" uptake by {ntueventng muscle “\{" officiency of axyyen .lw: n‘; |“m-n,“ ".u m’.l un‘ e xm‘u‘m -\‘|mll\'n(|ul)ulm‘\'w(llm'y‘,nulu\\t o, b <1:\|v'|llul|lnn ot
. ntrreap 1y disldicoy ontmur MABY 4L inturvaly o A & iar NSNS
transport will be reduced. i Y \l|i”|l|l'y;"’ll|:.u|-|r:|\“ll|u \n".n‘n, Ihe ‘vrhnnu of u‘":".ﬂ*ﬁll';:mlm-'ful-: ”“ff':“ ?:w,‘ l&l),,‘(w:
. . i @ Pl The diagelhut ol Iy are AP ate i etmimal h 3 -
Honig and his collmagues measured distances hetween  bigod<perfused Joe b funs L ' ant 'l‘. n-hrmn:n‘l;.' liml‘hm:l\u\‘l.uuu .\r|,\|\ m'u('m“f.‘nu'\‘ |ul|\u::|!|. .‘u‘?:lﬂl.,
vapfiinrfas of rat graciits muscies by intravital microscopy, They rupoyted TGttt 23 amd ), hstuisn 3 boand beyand dhmovre ay ol tame Tgta] eapiNactus o, e,
varfation fram 0,1 to g timos the wean vatuus (4),  The pressnt  study sneks e e LTI VR 8 B
Lo axaming systematically, for representative mammalidn skelutal muscies, the A 1 ¢ K
spatlal  distribution of (l) atl capiilavtes, and (L) portused  {or I‘|| o .
woll-perfused) capillaries, ami to ralate Lhetr patterns of distelbution to i'_

the arrangement of muscle fiber types,

B

1. Distribution of all gapiilaries. lower ey musclos of 2<ky fomale
New Zua)ind uhl'&‘u vabh e q'w{re"ﬁu' . bacause of Lhe clear histochamical
distinctiun batwasn Tiber Lypes and staining of 1) capiliarler hy resction
for alwaline phosphatase (2}, erwnty were made photomicrographically,
on matchud figlds of serial frozen sections, of the fallowlng paremoters:
1) fractional oerwas of each ””E type present (1) meas Fiber “d)umeter
total ared ¢ numbar of  Fioeps) mS’ capiilary  density (number of
capiilaries o total ares Inwe’) and (1v) individusl and mean Anturcapiliary
distances {ICH) within tho fiwld. 1CD's were medsured by drawing Vines from
esach nr!llnr{ to surrounding capillaries on s tracing of Lhe tield, to fom
& natwork of clased triangles between )l capiliary points, with no 1ines
crussing betwasn points,  Connecting Yine lengths were measured with o
mitiimuter scala,  An examplo of such sn assay 1y $hown in Fig, 1at-A,

Measurements were madu on 6 mixed  muscles:  medial and Yatera) !
gastrocnemit,  sartorius, plantaris, uxtensor digitorum longus, anterfor o L — n L
tibialiy, containing from 29 to 69% FO fibers, 24 to 5% 04, end 0 to 9% L.
SO, ahd nn the soleus muscle, H9-JUO% SO fihers, D-11% FOG., Mean fiber oo
diametyrs rangud from 48 ¢n 70um. Capiliavey densities fell hetween 221 and
Bl3/eme, Naan mmmm-r{ distances ranged fror 76 10 d7ym, inversaly ir
reinlion tuo capiilary density, Wean 1C0'S measursd from the un{ af
tnurc\nn’%lm Tinet  were  dimodt exactly equal to [a/4 < capiitary

S B PSP S

Yo o e o

ll
density)® individual valums ware distributed approximately s log-normal i
curves  (Fig, L-1.B) with logar' ‘i standard deviationt (5§ batwesn 0,19 |
and 0,22 labout 95% of all values iuy betwesn 1/4 and 4 times 1Rl means ). 4
Location of t14sUN mess with respact to diffusion distance frum the RUINAL OXIMETRY WITH HYPERCAPNIA AND HYPERBARIC OXYCEN. 1. 0 Hempe) ’ B
nearest mﬂlhr{ way evaluated by plotting centour intervals for mach $. 0 Burmt and M, A lJ,!-hlllﬂ- F. 0. Holl Laboratory, OVke URTVFeTly 'y
section at muitiplen of 1/2 mean 160 (Fig, 1-1<C)s For minsd muscles, b4 to MagTcal Conivr, Durhein, aorth Teroltna, U.5.A : 5
13 of section ared 1ay withdn 1 unit ditfusion redius (1C0/2), 9 to 26% ]
between | and 1,5 units, 4 to !2% betweun 1.5 and ¢ units, and less then 3% Introdyet fon C
bayond 2 wunits. Groups of FUG and S0 fibers tended tu lie In or nmar the \ 1
fnnermost contour fulervals For solaus, the closest lyfng area was slightly Under hyperbaric conditions L 1y theorstically possible Lo reise the

ton trom hemoglobin
saturated in transit.
kind bacause of its
cosh,  Lhing a refiect:
rit reglion, we have

ng the partial presaure of {nypired onygen
turation characteristics in

T4A% than for the mixed muscies and the two outer arass siightly PO, of arteris) blcod to 4 level where aaypen cissord
'. 2-4% and less than 1%, respectively. I'i:é..-::'(":':: :1::?;&?1';"’0;:‘1:'“ o et o
, 1y .. " high rate of oxygen exlraction
;‘».r "j‘“ d::,‘"s:‘,w“d °:7',_‘h arce oximetric Lg:hnhwo and pr

) igated the effect of Incr

dialyred !; in ; heparinized) for  pariods
m‘ from 3.0 50 seccada bafore freezing and sectioning tha murcles,
on

f 10 studies of
1ts unigue opiiral
ures {nte the hyps

ribution of perfysed capil
J "'!o%i\ ”mm ation,

118
capitlarios [)
fndia-ink (ditutmd 1/2

)
1
|
irically the id. B i ““v"'nm voar 5
Perfus pssuras and flows were comparable to arterisl pressures and blowd more apecifically chorold. Becouse ontially all of the oxygen
tloms Just bafore r”u”,ﬂ' which ::| started {wmadistely ubon clamping the supplied Co Lhe retind of this sninal comms from the chorpid our methods made J
artary, vig & T-cannula previously inserted, Ink spots were counted on & 1L possibie to determine Lhat asygen tension at which Lhe oxygen nesds of the
Aerihl” Teteton countarate:ned with 0081, 1n f1n)ds maiched to Lhone uned for reling were mot by F"{”""'U distolved SLygen ab we mon{tured the progres- ‘
counting total captiVaries, Capiilary dentities, intercapiilary distances, m«:mn.‘l::r:w;oﬂ 'L'.‘:.:’.::“’:;;x:g““.:;:‘:“‘.::::"“:: ;:u o ":z:"’ !
atce for the ink-11116d capiilerier were messired oy dwscrived above. tion of :swn}(c{‘{ grn;to: c:n:on d(o:tnhunnuro: ulmut wb:r'n‘cuu? e; i
- ) R onygen oximetric affect of {mreasing hypercapnis combined with a fixe
Ible L. Fraction of fnk-f1l1ed candilactes: man ¢ SO (N f101ds counted) nor\clnu{f'ur'rlnmmu'ru?u:t:w state to\;‘d I»l and was, Lv'\nﬂ!uud :: \ { .
well. natiy offect of these unusual respivatory com ohs on retina ]
PERFUSION L5 s L& sec 15 aec 0 e '?Muon s m'ntl‘non :uny :np.l:nd Nltn.h?ordhn&?::‘an'hc;n cnrrtlaud
. ABs, . 398, KTTH with the oxyganation state of the « :"using bloed. ona! observations
Med. gastroc, L 180.27(39) WMET(ZBY L 09007028) LM 21026) wirs therefore made on the elsclruretinographic (ERG) activity which arcom:
saleus A2507(19) 230.00013) L260.18(13)  A14.23(13) 80520 (43) Paniad thets gav changes.
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OXYGEN SUFFICIENCY
AND UTILIZATION WITHIN THE CELL

Methods
Instrumentation for this study is $llustrated in Figure 1. The syslem
1% compased of a dual-wavelength spectrophotomster coupled to & convantional
fundus (retinel) camers by means of fiber optics. The fundus camers was
focused on Lthe retina just below and nasa) to the eptic disc. Monochromatic
II?M from the spectrophotometer enterad the eye through a dilated gupil wak
reftected from the fundus, and was received on a phatomultiplier tubs, The
sample, or oxygenation-dependent, wavelength for the oxy-~dsoayhemoglobin
transition was set at 577 ne.  Absorbance was monitored relstive L0 & refyr-
ence at 586 rm, with the latter wavelangth roammunq an fsoshestic extine-
tton point for these hemogiehin species. Each monachromatic heam war flashed
onto the retina at 30 Hz, and the arithmetic diffarence betwesn Lhe fntensity
of the raflacted H’M. 677-555. vas displayed on a chart recorder #long with
a readout of the referance (586 om) beam. Variat{ons in the refiected refer
once Hght were used as an indicator of the relative bloud votume {n the
retina) fleld, The entive optical apparatus was instailed §n a large walk-in

n*morbarI: chamber with approprlate penetrations through the chamber wall for
eloctrical recording,
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Schematic dlagram of the {nylrumentation syslem for oximetric
studies of Lhe retina,  The supply voltage Lo the photamulitip!ier
tube {5 held constant by & regulation circuil durlu‘a the (nterval
the 586 nm light {s openwd tu the sye by the mechanical chopper,
Adimtmnnu tn this high voltege are intiicetive of changing bload
voline,

Rabbits were deeply anesthetized with repeated doses of pentobarbital
any & tracheal tube was inserted,  Paralysis was {nduced with (inlamlun
tristhiodide (Flaxedi)) and the animals were arti{ticially respired with 4
miniite volume producing air-equilibrated arterial Po? and PCO, values of
18§11 and 20,647.0 Torr, vespectively, Animals wers®secured ‘n a sterso-
!uh; twadho |der,  Gases wars administered fram premixad cylinders via the
respirator,

The nh:wuanUﬂuphn afgnal way wvoked by a Vight flash delivered
to the upporite eye and recorded from (L with & corneal electrode of the 1o
vaclhum type cliniealty. the o responnes were |ikewise displayed on a
chart recor and stored on tape for further analysis.

Resyity
The oximotric reaction of choroldal bloud to tncreasing tomions of purs
urygen s summarized in Fipure 2A along with the corresponding changes in
vascular volume which occurrad.  for these data, slx animats were ventilated
with oxygen {n progressively ?rutn' fractions, up Lo 4 ata. Iero oxygen
measurement raprengnty the onimelric vespansn after 2 minutes of nitrogen
vanlilation. A characteristic oxygen saturstion curve of hmugluuh\ ty yen-
wrated as the data are plotied up to 0,84 ata 0,, and the additional vbserva:
tion was made that 2.0 and 4.0 ata 0, leads to ‘mH but disvinet hemoglobin
unygenation increasss. A decrease 1R voglonal blood volume accompanied each
onygen {ncroment, wo the possibllity enisted thal a reduction in churpidal
hlood flow also had occurred, The nel effect of this vasoconttrictive re-
sponse would be an tncomplate oxygeh saturation {n venous biloud.  Accordingly,
oximetric changey were alao monitarsd while vavod!lation was induced in the
animals by ventilating them with fncreasing CO, fractions in gas mintures with
a conalant Tnspired oxyyen traction of 21%. ABsults of these axparimpints are
shown {n Figure 2B, With esch €0, Increase ur Lo 5% GO, at 4 ata (egquivalent
to 208 CO, 4t sea tevel) there t4%8 Tall {n Lhe rl|lUVi okyyetiat {on of hemo-
Qlobin mfnlhl with & substant{a) bload volume ing «. A higher €0, frac-
Lion, 2.5% at 4 ota, elicite a shift fn the 577-5H6 wignal toward av‘uiur'
oxyygenation and, AL the vame time, the choroldat hivad volume drops.

tinctrorat{nographic signals from the fetlow wye during the hy‘mupnl:
serios show that the c-wave, yensrated {n the recaptor-pigment epi {
layars, v velatively unalfected by progressively greater (O, pres

the a-wave s 1oduced by an average of 32% while bresthing tﬂc MY
(7.5% CO,) fravtion. This co, tamslon, syuivalent to 305 CO, at 1 ata, Ved
to vn-iually euiinguivhed bfwave (average amplftude = 3% of control) in
the & animals texted. Pure oxygen At pressures up Lo 4 ala produced no
vignificant changns {n the LHO during the short exposures employed here,

while
hest

Oiscuson

The present results claarly indicata the reactivity of the choroluat
vascilature to high oxygen prassures and to hypercapnia in the form of a
decrease i hloed volume with the flrst condition and & large increase |n
blood volume in the lacter respiratory stat A muderate vesoditatory
taspunse of Lhe choroldal cireulation tu ¢ n dlonide has besn shown
before (2), but the vascconstriction (decresss 1 blovd volume) due to
hyperbaric ouygen §s a unique cbuervation in what was forserly bel{eved to
be & passive system without autoregulation (1). Oxygenstion was virtually
complels in hemoglobin at 0.84 ata pure 0, (equivelent Lo alr at 4 atz) yet
small fncrementy in oxyaen saturation work observed In 2.0 and 4.0 ata
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A, Increane fn oxygen saturation of chorufdal hemoglubin and decreaye
{1 dlood volume with aimospheren Inspived oxygen. Hiood volume 1s shown
rulabive to control leve) (df ned 1ine) measured witn D, 2 ata oxygen
frapivation. B, Helative effects of hwrnﬂn‘; gwcnnuuo of carbon
dionide at 4 ata on blood volume (BY) and hemegiobin saturation

(577+580 tm).  Ordinate at same scate av A, dbave,  Dashed Tine indi-
cates level while breathing afr, no added CO,, at 4 ata, Pointy i
buth A, and B, figures are means of 6 trials] £ slandard ervors,

oxygen pressures suggesting that oxygens induced vasuconstriction Hmits
choruidal blood flow sutficiently to prevent full arteriadization of the
chorofdal blood, A similar affect nan bean noted in the cershral circulas
Lion where venous uny?nn partial pressures o not reach 4 hemoglobin-
saturating maghitude To 4 ata uxpgen (33, [n thiy serse, {4 was not pore
sible to achieve a partial pressure of oxyyen In the rlllnal blovy su high
that some oxygen extraction from hamoglonin did not take place. In short,

the provision of oxyyen totally from physically-diisolved oxygen was
unatiainable,

A decrease in oxygen saturation was noted when the carbun Afoxide pere
cantage {n the {napired gas was rained from seve Lo N, At 4 ata, the carbon
dloxide lwve) reached an equivalent of 208, 1L way shown 1n Figure 2A Lhet
the oxygen fnepived in these wxperiments, 0.84 ata, was enough to all but come
plately vaygenste hemoglobin,  That thiv orygen saturation fell fv apparently
& consequence of the Bohr shift, because concomltant blood vulume increases
presumably fhdicated a higher flow rate and a higher 1ikelihoud of the blaod's
rmalnln’ uxysunahd in thanstt. Paradowically, very high carbon dioxid-
levely, /5% (O, at 4 ata, caused a drup 'n choroldal biood volume to an nters
mediate pum.loi along with reising tha velative saturation of hemagiobin with
pxygen.  No reasons for these effects of very high hyparcapnia ave immediately
Abparent, hut we may postulote Lhat no fucther Hobe shit't occur that
blogd flow remaint high while the hypercapnia reduces Lhe oxyget needs and
extraclion by the tetina.  Consaquently, the arte fel-venoun oxygen difference
would be wmaller undar Lhese extreme cunditions.

The m'lkm? offects of hypercapnis on the electrorelinng am are 1ike:
wive unigue.  Unly with chemical uncoupling in the retina such ax that
following aspartate administration (6) has abolitivn af Lhe b-wave combiney
with preservation of the a-wave heen seen,  Extreme hypercapnia (1.5% €0}

has the most depressant effect. The survivatl of the a~ and cowaves cluily
{ndicates Lhat the hypercapnic block of synaptic function or giial cell
artivily takes place at a point afferent {u the receptor cell layer, bacaune
this mz!un g!vu rise Lo these waves while the bewave ariaes in the inner
fayers (4, 5}, Myruuh tue, for example, to & Bohr shift can be ruled out
hecausn of the M?\ uly?m saturatfon measured in hemoglobin simultansously,
and because hypoxta typleatly reduces the cewave first (persona) obasrvations).

[n summary,

avoconstriction Himity the attainment of fully arterialized
chornidal blool towith arteriat PO, valums grealer than 2000 forr, and the
hypercapnia necessary to offvet the vawramlr ction surely deprestey retinal
onidat{ve metabolism. Thus, achiaving an eyuality between oxygen provision by
the piasma and oxygen consump? Ion {n the vetina 1o uniikely in the {iving wye.

"mpuortid by Granta LY 01953 and HL 07896 from The Nattonal Institutes u?
walth.

Refurencon wii1 appear in PROCEEDINGS,

W e

A MECHANTSH FOR THE BENEFTCIAL BFPECT NYEERBARDL DXYUEN (H STARIYIOCOUGAT 0sTRo-
MYELITIS, ot Hader sl G, BEowide Sivernlly af Tenaw Hedloal Rraneh,
Catventin, Texan, W44,

Hypesuae b oxygen (URO) thotapy 1o Treguent iy simed am adjoci tlve therapy
I chtonde outromyel i dn, Previookly we desonattated that 180 vued 4 the wole
traatnent modul 1y wan ax ol el tve an ant Ibiotie (eephadothind An the Lrea) -
ment ol pxparimenial Seaphy lococoun aoteus ontwmyeditin,  Althoogh RS dnhihitu
wowth of mowd wiorsarganbame Jocladfok S0 autenn, nbiidtlon oceaen ml vevpen
tepalonn highm than Vhose Do (0 G Eewue atuder wganderd G680 comd 4 fone, ot
Ihoviten growth cotves mnd kLD curven unlog cophatothin ad . anteun minler
wtandard BEO condltdonn weie [dentleal to thoae ohtatoed vnder smbdent ol -
tlonk, ditnes HRO 038 not per we Subibdt o WUE thin ateadn ol 40 mareun,
annihot mechanium wan woight
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MATERTALS AND HETUODS

A 16 puage needie was lnmerted porcatineonsly Into he left tibia) mela~
physin of a New 'l.?ultlhl White Rababt,  ooe tenth mi 53 modium morviwate, 01 ml
# V(0 % 105 orpaniemad, wnd 0,0 ml nieelie waline ware fnjucted, The
peudio wan removad, the Infuction whe nilowed to progrems =4 weoki, & period
dueltig wideh owteomyalitie bavomen wull ustablished raddographie vritoria,

Heanurument, o8 Blood, Finw und, Intrmedulincy, ey gen

Thy Atimal waw snenthot faod wnd a4 wmnll holo v driliod inta the shaft of
thu normal right tibhin and the fofwetwd foft tibhin, 10 8 towe fractured, the
atidy with phreted, A 16 gauge Telion conted mans ppuctrometer probe wes
Cukartad through the hofe {nto the tntrameditilary camly dleestod tovard Lhe
ELb{n] mesaphynis, aml thy vetootony wealed with boue wako  The partial peeamive
of oryren aihd Argon wube monmired by o make wpuctromuter (Chamtron, 8ty Louln,
Miswourt).  Datin was utillawd from 6 vabbitn Lhat completed the wntlre study,

A trachioontomy wik performed Uhirough Wiskel approprinte panes were admlo-
futurad, 1) The animal was breatiing anbiont ady,  The oxypgun tinsiogs were
thowe Fuund b0 normal aod osteomysi (tie boses ubdar ambiant enoditione, 1Y The
Uniphend gaw van clnged Trom ambisnt ate o 0% argen and 208 owygen, Yiun pan
mixtury wan adulndutorad Cor 310 minuten awl was the "argon wakh=dn phake'sc e
ArRo-ungpen mixture wak elangad ek o unblont Al allowing the avewmidal ol
AtKON £ bu wasfed-out ol the Liweuuen,  the rite of arson “wash-oot!oatfoved
conpey dnon o dleod 1 Tow Dutwsun tormnd med osteowyelitie howe,  111) Aftor thewe
menwn e i, the animal van pressurieed to 2 shaviute abmospheres (ATA) in n
wmkiL yporharie chombere Che fuupivod gan win chisured Le 105 axvgon and Lha
oxygen tons b fu naemic wnd ontsonyst (Cfe bune measuired, [V The chamber was
denonprenged Looanbint cumdiofonns & Papout argon "wasliedn and varheont " e
secomplinimd . Bloud (low betwnin normnl amd antuomyst LH e hane win compaiad
after Wiyparbar e onygon oxponurs,

Bape plf mansnyements wore sbladnod from normel and ceteawyn ] (0 Lo Bone by
pluctig o bl pi probe taty the lobeamedul ary conid snd diroeted fnto thy
tibdal mbaphvaln arwn

Ho nupeyn was grown overnbiht (n teyptivane woy broth, winlind, and resig-
peruded i fatkn hatanced satt aslution GHSEY Rabblt peritoueal poviner e
e luar Lewkueytan (PR wiree hntvented LS bourk after e capor lloteal o joe-
Clat of 018 plycopen, wanld Eirlog, ki ewauapomuied T 1RRA,

Mirew tubes ware prapared for wneh tloe polnt (ALY wudlen wire 'u\rh\rm\u\
1o dupd Lenk@ds T the £4rat tube Wi aided 1o 108 Hooaurodn, 4w 100 1R, nnd
10K poodul human nerum (opuonind Lo a tatad volume of $ oy T ree pontead tibes
worn prepared Tor each Ulme puinl - e without MK am the other without spess
Wi, (BER wnd feal fnaetfvntod faln onlf swrun wore wibkt flated for #HN g
ppwenin, rospertively, A sinall adiguot wan taken From viteh tuhe, wlded to wtors
Uie watur amd the number of colony formbug undts (GHD ol #L anren deternined,

Fhe tubes were tumibed Tor 30 sdmites /0 4% to provilu apt sl bretertal
attachment b tia NN, The content s af wach tube were s docantad Juto
polyethylane andture dhal (1% o 10mmd o Tho vowudt b aunponeion van ahproid-
mately b omm UhleR we optlnal oxveen pened ot S wan Dinsrad, Flye dg1 Leten
atmouplue fo comlitione were wbaddmde Blalen were placed fnon V0 dneabator
(0 = 100 mindp, amblest vod it lonm) or by o 1 chambet whore the oxegen
e Cai wan S0 o (odyren bens(on Tonml En ost pomyo L LU e e umber amb lent
ot long), 4% wedly (onypen Denslon found Tnoonemsd hone wodsr ambien) eondd -
tHonndy 109 mlg Coxvpant Lenslon tound In asteosvel bt Le bone gnder auy B
eombb Loy, ae P60 il CHOUY pxysend . AU teanl wbs neparate vnporfme o
were perfurmmd for wach climbur oxvess tenston, A pued [ol anblent erpry iment
waAn vl for ench edambar oxvien tensbon sxperiment,  Atter Lo 2 houts o dinah,
pepreasnt Ing wieh on inid tube was remeved Trom the dneabntoe or the chaanber,
A RELQunt wan taken Erom b plale, addad to 8o ibe watet o and the copher o)
CEE ol S anteun determlusty  The prreestowe of o tglnal fnoealam was 1hen ent -
eudntad The viahilgty of tin PHE wan o wambnd by the sxelundew of  Orvpan Bine
LT

The clata wad anabyred by The $adont '8 wnpatred t-Towt,

REHI T

Oyt tesntonn o nermd o atd ontemmeal 000 b aee ahown fu Figare 1,
fhe part dal prowsure ol okepon o onteamyed 5 Le Bone sider ambiont comd 1oy
with L9 Uo7 ety whersan the oxygen tepaban b normal lsne wan A400 4 B
oy (e 0,000 When the andmale were placed wder hypeshn fvoobdictonn, Vhe
uxyRen tennfonn (pepoanmd (o Bl the onteomyel 1t fe Bote (304,04 B8 i) and
torms] hone C1AD ¢ VA mell) s Phila d I Forenen wan w1pndSfoant sind nl hiadly
[CTLERt VT B

Poy Conbon wus diat onned Leos Veomve b EELe hobe and wien il oaeatp)y it toaned
foe IO T wither the noreid ot o eetod s e tnbrammlad bat e gl wan Like
wlne decreasnd To antooeyedl UL e al compan ol e o) hone,

Pho phagne vt kR dimw abe expronasd an the st apn o anceds boy
Seoanrey (Fivnie £ e vomtool taben €50 e phak opeopdu witiomt P40
At K, aareus plak BHE WEEOmt apranin) abicewied o petcentapns of movivipg Y.
prrens jeeatey than 10X winber a1 % oxypen tenalonn,

Plagoret (o kd T aecurred mly when 5 meun, PMEL atnt opeeidn wete In
Cls 4o vitro vt system, The gruabunt aprvivat least bbb inns ol 0w eun
e A AR ckvgen brsit ol ol S8 mmbp (2600 4 Ko amd KHLY 8 TR a1 o)

2 hwurs, vedpictloplye e focrewn g oxeren tesscdotn o bt T progresoatvel s

Bon toantug s vivad trteater VLA ab S. o watelnr &5 mlip Ly

Boary and She? v V90 OF hourwd o 109 ey Bhab 4 0% ) Lumn ) and 40, 0 8 e

R IR N R L LR R LTI R & B TITYR Y 1T R 1 R I LS I P PETIT R
and TR mebly A% 0 I T e aind T G0t 0 Toug ey

OXYGEN SUFFICIENCY
AND UTILIZATION WITHIN THE CELL

Comgnt daun ol the G0 weucad in pereant of movival ot S, ausens wt J
Bourn aeling A0y Gty tenndonn (1) matta, 8% wmitp, 109 by, 150 wedly o anl
TR0 muitg wan sntf deamt (e 0L 0B1) pxeepl the differenee hetyern 29 wale aind
109 g, ard 190wkt b J60 mmilp e 0,0,

The viabilty o the PMN undw all Tive okygan cenndahn wep wrestar than
95% nt 2 hours An mlwwn by the exclusiun ol teypan hiue dye,

{HACURRTON

UntuomyeTE07s tong tn 10w onked Bk b deeroaned blomd §iow, deersasmd pit,
Atk g sickeddy feduend panfal prensure of orypen.  The oxvaen teanrion (n onten-
wysitle boue (3008 4 F 7 maligd van stgndf (eaitiy dovreaned compared 1o normal
bt (ke ! 4 Bl mellit)

Hyprrbat i onvyen Tan el acutuly fo Anl lueses Blood Tlow (0 onteosmyet e
Bone, However, HBO doeredsed the oxypen taitidon Lo supraphorlolopde tovsla tn
onteamyet Lt e bowe (104,00 & 6.8 mwai),

Phgoevt e kid1img of thin 5. apreny wan morkedlv Fedueat andet oxypes
tynndonh fowml I eotoomvel tobe bomey AL dueoanm) savgeh tennbaie i prabitem
exintu i the abitiey ol twe phapeeyt de or toteaesdiodns k1T mnehin une
to hadle puthagente ovpanlama, Sluce the coure of Doty 0308 bend iy §n net e laar
From our wtadive, we lmee usid U bromd tevm phagorys S k1 g 1o dpaer b
any braakdown o the procesw Tros Dngention to tateareltulm k)1 g of &,
s, Aowevery other {nveatigitorn ave shows K, aoreus 1o b bogsst s
normably bul ot Lotalty KOTed Gndur simecobiis conddtlome.  Adegtals modaesdn
BRYRVI EPPOATE Lo De evwksary for el Ceel lyve dntraced lulnr ki11ing ol thiw B,
O

Under the oxypen totklons four b i entvomyrllode bone treated wivh By,
Che phigoeytfe RETELR af thin By ouvess toburms ta neotmid when compatml 19 the
pargoryUCe kETTEug fomd vader the osygen tennlons iy fstmad e et tone
ey, theee bnoa temndeney Lo the Thteratire to vqunte phagoeyUe k1 g undot
amb ot cond P lore te "warmn! plagocytie kREEERY, (usGod af phagoeyt e ¥ Uy
wwder oxyren temfonn Coand w e gotmsd Ulakat, We Tosl plisgoevt Lo kiYL g
amder E{Rane oxryaes teanlomn (o more vl W Tepresentat fan ol Yingma b phapo-
evtde ki " PhagoesCle KO ap van bo ebboneod Ly Lo ther Snemmanlug |
AN teandoe Curront iy the opt fmal URYRUY banrions oy phdgaevt e ki og
R o e Betwesn 150 = 200 malte,  Bowover, phusoeytde 35004 ot bl
VRVREI Eeidtond mes yut b e eaploted,

Thuky fntenmidad baby kv tenalon (o onteamyed (e bone b0 1wl §e fent
Lo Buppory normnd phagoeytle fased tons Rdaeod plimoe v te o tdnd et ivily sy
explaln fioth the ehyonfelly of il tnoction and the e Ceet of W Moty
ol foctlve to Rtaghvlocaeesl unteomyel s by ereafug Uhe lotyommial bary
tonslone to tevats where phogoestte kTR nay proveed opttmadiy,
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. OXYGEN SUFFICIENCY SESSION X
' AND UYILIZATION WITHIN THE CELL

PERCENT OF ORIGINAL INOCULUM
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;; Flgurs 2, Phagueytte w1lag of 50 wursup (XA by rabbit peritonesl leukos

cyban {PMR) with opwunbn (LOX werum) utder d1fTorant oxvsen tanstone,  The

- CHEUIEN APE eXprenavd an the perevntags ot the original fnoculum of SA,  Continly
i copirensiit HA plus opmmin vitlout PMN or SA plus PMN without opsontn obder 1he

¥ WEFfurunt oxypen tennlons,  Redvkets denote + SEM.

METABOLISM AND THERMAL PHYSIOLOGY SESSION XI

ARCANALY SR 0k HEAL STHESY ENDER WYPFRBARIC LoRBITIONS . ko Ho dhasd [ 2y

acvetding to Hiaht t0 st e Db o by ot (0 Eons amd e eat bannbidpsn bt
sehiarine Moddoul Keswsarch babolataeyy Ghuton, bonneet Tent 60500 ¢ 4, A, :

Proonmle atd b vaend toptabelfe rate SHGO R S0 velon By ob s (elos el
Tab = V0P at vombort mnd U g0 max i awaat iRy By b amd by it
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predist foam of thormal strens ndes Chee cond i bens wea ld Bave Boo e e an attectmd,

Pivuty anby, atmee oo dnmen Talsrators st et al bon ataler ey cond 0 Tk Tuin

Baren pat Catadds Papecfally bie kg (o Dhaa regoinl w e eltecd ol pledsule o Fract oal conmtderat bone, Tie ghive concepls were ased o evnluale the
it by G d st et By esapat ot fve s un Do thermal fdmits bor b one b e dable Deoonpressbob eyntem deve lumind by Che
Wavy, i B LN anatveli, tecomprarmton Lo & A1A s used, aid Phe comptete
andlea e wan combin ted Al Ahln prewsire gl theugh o stope - wdue docompess bon
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Thernyr  deat vactamie bstween Che kB Rt el the enviranmnt ci. e
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tempeyatoreg sl wgtirated skl vapor preseare il oashent vapet presot e
P Pvely, e thant

Ele mel fnmensdble wal oty mnptn ik therefors budbu b vhee Vimitu, Digory 4 aluwe praphiically
atutr aml amb lent T Cimite Dot Didse nenteme  dhac ol DG Fines ded bedt fag Ul sbeadd Lug 2one and

Ve nppet Lledl of the cantlon 2ae nee Hhe A4 Coplot 1" And upper Timil b
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et wlin Denperabute {000 by s opeint e temperainee (0 b Wik anabvefe -
amb bt teper atare s mean Endlant Gempetalubel; ow oo ak b wet behueas G Dneas Lo
Tewshp Py g = satut tbml skbn vapor presngre (Iore, Byosoambilonl vapor pressane
TSR It vt v may e platied anoab qmvchronetn b chad U (e peratnce oo
Cha abie damg Al watop vapot ch Che otdimated And wil D desor b wtendplt | lue
Ehat g Elfotigh Uhe b rodntn T Payuk B/ Thebby ) amd (0, 1o w1t a
vepatiee shape of Ly 0 b b2why JUNEG T s dque convegt woan extembid s Siuht
wanl st b lwle th e amd Wvperbas o poe S torment s Tak, Tae dloa dnal
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waporat bve regulat bon Bines whown 10 Flgure 1 tw » 0,00 and 1 vespect Ivedvl,
(he 1he delineating the wwoad fog sone amd Jower Lindl ol the caul b zate (1
tor w = 0070 At pointe abuve tids Hoe 4 connbderable amoamt ol hoeal mtiess in
(et vel with profuse aweat ng and mael uncomtor expen legeand by the diver
subibeet,  Rectal temperature and heart date will tise, but wl ! venclo a platean.
Ihy danger gone, pointn abuve Lhe w < 3 Hlne, wignt! ten that thermorvgulat oo by
swuaAting Ian reached & Limit and that tatoraal hody temperature aml heart ity
widl continue to rinn it il collapee,  Body heat storage will toereane al 4 rate
camputed Ltom he wetabalic host  production and the combined ralial lye aml con-
vectdve lowmey or gafom,  Ratns of boady temporature viwe iw thens enslly compuled
Trom atadard physivil chavacteriatics, A by Lemperaturs of W A% wan chonen
{0 reprewpnt that polut whote lieat ntroke  vecurrmee will be greater than 1 I
T (B)y Hourdy (weplethin 1o vearh thin temperature wete plotted o Flguee &)
A physician of toehnician fn thy tlehd can wow, knowlog the anblond temperaturs
A telat tve hawbd ey prodiet the theemad Lowd expectod amt take the necospkaty
pro it dunary weasurune This chact munt be tormad "interin', winee {t 1w baned
wn i andvabe walng phyadcal prineiplon and eopivical evidencs collected al )
Alac Human hvperharic sxporimentsn sre prowent ly widorway to vordly these pro -
dlettve metholn, and e rwmults wilD be reportedc Extenaton of thin graphics!
medhud to (nelude variabive of swovk rate, clothing, gas velovity, and cold at
Ineresdscd bavdmetrle presvunren will aise e roported,

Referonvws will appoar {u PRXRRDINGH,
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CONTRIBUPIIN OF HETABOLIC ARD RESPIRATORY JEAT 10 CORE FENPERATURL GAIN AFTEN
COLll WATER THHERKTONG My Ly Congy P A Hages vy B Hon o Bepaeiment
ol Kinewtology, Simot Franer Qalversity, Butnaby, B.C0 Canada and Adubiaity
Har e Tochinslogy Entabl bubmend ) Naste, 16K,

Acetdental hvpothormin fu 0 wptfoun probibem o cobd ai1 omb water expuns
wien Inhadat fun warnting fu e alCract fve procedure for Sin Dleattent ot
prevant bon bn remnte o chognd cnvitouments, L0 aupplles heat dltectly Lo the
vite aray 8 readily portable amd con be wasily and saloly adminintered, At
prefunty A wbrung controverny tegatd lug the oleer bvenesn ol Hda techinbgue 1w
ey o W e Literatabey and btk animal and human stuwdfon ate ot darlanes
(Maywatd and Bloinman, 19250 Lloyd, Mitehedl and W ann, 1920 Pavidn Horbedn
amd ey T8I0 Narewns I92HE Hovdbnong Conn and avwasd o 19790 Auldy 1 bt
amd Rovwusy 19791 Dinagioomenl oxiats vver e quant 0y ol heat del byermt
Pen diatbibutton and (Er stgnd L beaime e totat $ve 1o mebabul b beat praonduct bag

To detwrmine the telative conteibut ton ot motabiodic heat al respiratory
fient 1o core Cemperalure clidnge, teo sale subjects were conlod by tmeralon to
Uhe neek 10 119%C water o Sabjeciw wobte o clothing and melutatned d wieting
poslure WIth & minfim of movement . Rectady tympante awd akle Lemperatulen
were teenbdody Bulifecin wote removed Trow Ui walvre at o tectal tompeiai s
ol Pty deted thetounhiy aml placed 1o o sdeeping baw Tor towarmton, Voul {e
Lation, texpleabary fae Praet bsas dnd Lokpyed abd sxpiiad gk Compi gt u) ok
wete Lhent meanuted (b b per bl of GO mdonutes, Warsbing commeneed B mloul ek
altes the wlgoal to Jeavec the watur was glvens APL wuliec s were tewirmd on
thiee uecanions, once by setabolle heat alone Ohivering), onca by luhalsd oy
VATNIUE WEtD Npontanvoiad IveALBing of aaturated At at o2 (eonttol) and onea
By A TAt G wabmEng WL vent that fan tokuiated AL G0 1 7win by yespitlog 4
“onttuddod feaction of 002 (hypervent tlatlond o D Ve sannen, sevaening deta
wan obtainwd tor dhreo dintimt dovidn ol respieatary heat exebange,

Theve wotw o wigndd teapt dilTerenves boturely L thive Cosatments in (he
ahwufute viluew ol tectunly Cympante ob wkin Lempelnturew heassuimd at the come
vncement ol rewimiog (o), Gore Lomperatures contioed to desfine alivy
Toaving the water and afterdvop was nol drrented unedd alier Ui tewarming
Lteatment win well entabbished, ALV Cemperdtare datn wele antiad bned po il lve
te the dempeiatore ol the stutt of Fewstwloge  he mean espeiisee of the ten
abjertn Lo each Livalwent wan Uhen caloadatol,

[he magiltidy of Lhe dliesdrop b tectal Lonpridiule vak bediced iy o
Pl el dve vewatming ftvatments dn c-ompat teon too shilverdng (p 00000, The time
Paken fo tevover bo bndvial Qemperntare Tup wan admso mhut benwd (- t,05%) 11w
20 mlouten tor ahtvering G 4% minintes Cor control il 10 minatea for hypia
et LTt ton,  AlLer m miniten b rewatming, Dyporvent dbal ton aml comeal gave
Rreater el gatne b rental temperalure (L% wnl §0200 Hhan i whilves fng
VERACT Phe altetdiop ol tympante temperalute wan siadl (lap 80 1wl
treatmonts wmd thove wers e abgat i boant dibieromeen,  Bidver lug took tonge) (o
ALTERl Al Lenttop At te tovet taktial lemperature 0000 Ahang the nthet tea
Choatmentn,  Ihe mubasquent rale ol towatming war greatead (or hypeivent 14l Len
whith tevetided 4 el tempetatuie gadn of 102%0 compated wilh Lot tor the
Wl e L EHALe e,

Lhirs were o slgnttlosnl frEferw s belveen proceduien 1y the hatipe ul
Bedit ki temperature although slitverlog tocoided w o) lght by Darget 3 iaw
AR than elther vonteol (B00e) o hypevent (e ton (P72 Db (oetae
Allvered tlgotounly In the varly wbagon ol Dywatmlng, 1vcabillng & iedt oxvgen
uptARe wf Lo L/mbn BTPDL Phetmopunentn docreaned tapldly fhobeaposse (o wkin
and cote Lemprralule chisngen Lo o mesn valuae of 0,0 mln ot t o 60 mlow,
Mutubull heat production van mabutant 3ally ieduced by dnhalatton tevarming
(pth U%) Jrom J18 Keal when shivet tog 1o JRE Koaln Seomrol) snd Lol Koala
whety hyparvend (lat tth,  The 1all 10 metabolic heat adic ROl WAk BErater LAl
the cottespand lug teapieatory heat gadn whiclh bocreansed toom n Joss of 10
Fealn wien whivertig to galow of S0 Foals Goapltol) sl o Koads iypeivent tin
tion),

A dlEterunies between teatments 1o the abaolute valuen of mean skin
Lompetnlate weie wmall (1, 0%) and oot wignblboant o 10 4w v buded that the
Tabd 1 mecaballe et product lon in ersponme to thy twn Lahs'siion Tewniming
proceduren sunt buwudl Prom moty tapid temperatute galne a1 dhe conttal cold
Ieceptn This con busing s pupputbed by Hhie telat ive measuts ol 1eital
wikd Lympanls Lempeiatuten,  Caloolat e whow That, o dverage, 1o) varh boal
of respliatory heat suppllod 1.4 Konde of wetsholic heat were bnfelted, The
fact Lhal runplosioty hesting eohatnoed the teoovely o cule toRprI4l0ie
Juplive that genpltatory heat musl e move of b (ent than cetabollc keat o
both Arrewting aliendvop and talufng cote trmpetalure

b ardet Vo quantity fhe abave tendeicy, Lhe Gt lon ol taval tedd inpual
donated to cute tempetatune galn vae raliubnted ueing & cote mauw ol kh? by
ustght tAurton 143%) ared tectal -l Uveparts tumperatute changres Al Lo« b
minutew, Megults Indbests Chat cne petientage ! totad heat domted (o the
anre freaned Prom 1Y2 0w aldvering to Ihd in centiol and 290 4n perventtla
thon, Awauming that 1w Trasbion of metaboide Bheat dnidted to the cote durs
ot hiange wignifloanyly brtwren tiratments 10 can he dheorfned that fo etder
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Looprahine He cote Pempergtute gatin tevonded with tabadat o dewa iy
APPEr o mle 1wl e B0 of teRplialidy hedt conttiuted o cate toampetatute
Rain. Drua abthough Uhe absalute msgnitade ot renpdiatars heat wae wmall,
i elobelen v s ot nonde e heat L was entimcted T dne 3 e % Limen
plealtee Vhan that of metabod e eat prohin ton.,

Rudpiratony heat Jous 1n ont baated 1o he b to 10T ol swtabirl (v heat proe
duction In notmal &l environments, T dbvets breathing vkyren-hel bun
mixlures Lhe grestor therant vonduet IvEryy speed e bt and donasty can
Conult I mubwtantfal vorpivatory heat losksen,  Mad U prenent lady beek
bepoaled 41 30 AFA the extimaten ol Weblh (197%) prediot thal rewpliatery bon
Tossen Tut Lo abiver Lug procedures wonld have been spprostmately 20 Beadn, at
102 ol melabolbe bent product fone Resplratory heat gain (rom (ghafat fun
tewarning wontd alno have boen ontabesd,

Milu Wtady dinagroes wivh the Cindings wl tdovd, Mitelwed wnd W00 Gamn
Loty Haveun CL974) 0 amd Auldy Light amd Bovwan (1979 and wappot ta those
wl Paviing Horpbeinand Chaney (19700, laywaid and Stotaman U392), and
HeT U Lol Guits and Stavsard (19790 10w dU T oult to expladn the dispar ity
wb orennlen among authora, bt the toliowing taclarn mey conty thule v
ditteratenn topnrtede Rewormiog ratow are wehndlive fu vartnt fon ol alwolte
bnly Compuratuben wnd compun 01 o (B Do, Haywaed and Sonn, 19800, sl
Lhetetory comparat ivie dala must e closely mitelel, An e fonpligbely heat
Rl L6 larpely coamlensatory fn antdte, Che el feetvensas diops vapldiy when
fnspiied jax teonot 10UL waturated, Flostly, an whowi, the conte that fan ol
Tewpritatory hoat cias b patt [y hidden by a comontiant diop tn selabel (v hoat
product ton,

b eonelusbony Uhis atwdy fndbeates Chal whiiist Tobadat Lun warmlag 1u o
ovhal oty mivivonmest provides 105 of totel hode heat input 10 Le more
vhlbedent mn termw ol heat deliveey to Che core that abiver g Chediwigenvia s,
folialation warming o hown to b w practdval wethod o Clvat tng of plevent Jug
hypotheemtiay  The potent fal benel e ol this Cteatment widl o enham ed whew

o lng oxypei=hel Lom pas wixture al fscrsaned prossne,

Helorences will appuse (0 PROCEEDINGH,
Figuras §oand 2 follow,
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METABOLISM AND THERMAL PHYSIOLOGY

T METABCU R AND THERMAT SpaTus oF 10T Rs l'lll(l\l- SEMURATT D AL
MOE Garnnd, POA flyea, RO Car soand M Stock o Phvsasdapgioan ] Tabotatory
AMIT, tatt nu'u.l Alverstobe, Guesport, Janta, DL aml SU Geotpe ' Hospital

M |ll|.4| Schoo?, Urapmer leviace, laating, kondun, Uk,
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Many studles (nto the motabolte ad thermal status ot divers bh helium have
boen dnvalldated by the fnabi ity te make phystolugieal measurements apolfnst a
stable dbetory bachground,  Duriog sacvessive duplivate dives to S aml 43 bar,
and shigde dives to 18 and 55 hat, divers were fod o constant and vontralled
dietary Intake for the whole of the dive doration Ouxlman 28 deysyo This made
posnihie o comprehens Ive serfes of putritional, metabolic sl Hiermal mpasure
ments Free from dletury intahe ervor. With a hoown Intabe wind medsursd oot pnt
troe metabplle balances wors computed For enecgy, nhirogen, water, valeinm,
waghes i, 7ine amb phosphoris,  Many of the sarbier findiogs pertatning o
wltrupen mstaboifem ard some of the assoclated mobabu) Ceoand boemsul chonges
Bave hoon previously veported (Carlyle ot al, 19785, 0] Accumaduted data from
alt these dlves provide evidence [ 1|>mnl\- metabol{¢ changes brought sbout by
the hyperbaric envivonmont . An dnercised urfhsry ared cnn wecount for the negae
tive nitroges butunce observed deeger than spproaxtmtely S e, This Tnerese
ta thonght Lo arise from o oapect Ple stioilation of protedp cotabolisn vig
thyrandie (Tol o probably reteased frow periphers] stores, CHhere sere only sy
disturbaness in corbohydrate metabodbsm and oo signlflcant modiFieat ton of fat
wetnholixm or butanes of the fonse There was no indieation of thermgenty
sthmtat bon, gl Im.ml metabulile rate, v and wean ahin tompergtures yemined
unchnngwd duwn ta 54 bmeoand back o The rextbng energy upwnlllmn Wity max i
wt mina e depth un the 88 bar dives, foblowed by o slgoiticnnt desrosse during
the wariy phakes of decomprossion (Cuelyle et al, B0 Chrenlatory fevels of
Ty wle sEgnIThenntly rabaed ot ddepth, s are those of wormdvensd ine, vet
tetiodethyrattbine (1y) sl 1y vesin uptake beve s remined unschanged,  The Jovels
of Uhyratd stlmiinting hormone wete unprediviabte wlth no conclusive pattorm
merging, whoroas reevese Ty (1) Toliowed the Ty result, Detug maaimnn doping
the early phake of d\-vumm'\lnlnn. Fherelore 1t appears that there 1xoan
lllrl'«-u-uul conversion of Ty to 1ty unll e conplomentiury buerease dn the 1y to 1y
eomyeridon,  As owoll o Ineroas rolease fram pevipheenl stores, By bilary
cleatgner way be roduced, thas lul'lln'r Uiheperagng the ciroalatory tovels which
Vo tuen bt diwnten an o alTerution i the eonjugntion of thypoatne ta form sui.

MOLECULAR AND CELLULAR
FFECTS OF HYDROSTATIC PRESSURE

o CFTUDY OF TIE HRECTFIC ACTTON D "R SE" UYBROWTAT 10 RENSETT
DEREN A% A NIVETOLOGLCAL ML Ly Bt dog s &y Lashan !l
Laborstobrs do Physlologley FaonlUé e Sded i wr i ikl
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]
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Av # wtbothreather, e TUal can be subindtosd obDwd to the woee (Te aegfen
of "per s ydiontat b prennore (eben vompresned 1oa Lk eol e chmbey po-
tirely FHIled whth water) or be che infbmsee of Boti presr o and hvpednat e
fnoet gan tensions Gbon compr vvaed Iy an opeln aguat bt suare bailil by aeliiovon
o e dihrattun oF the water and 3 bnly compar tneeis Vi)Y,

Fhya badugleal moddcbrat bons wery vbwervpd T eeln esposard tooa 101 AA by
drenbathe prodsore © bnctodwed ao b BBy, bypotyent ] Tacbong tuctenasd metalat b
tate, laemodynamlboal chatyes, tachveadiase PEG divordoen G Fresmnte threr
wld lur the apgeardiee of thene poditbeatbonn s et at ‘,vw vonptentbud
At (10 ATA I Mty Al tap b comprennian cate (I8 ATA b vy Ul
M e e btatory sl of e sl Lo "pep owe' dleentat b prevene e
bosn comparad to High Preowire Nopvoue Sytdoome dowed Dasl (o nasegta 012,

1.

Thete are two phanes durdng “por s Jedeant e oo oot o o
tho abuye duscn thed vt Catory pha e bebew abiogt 60 ALY i e o phoaee g
Enbibitfonr af centilat fong totabolfury, 116w ted by, Dol bo e death ot
thae sl al greatel prowaute, $lubs Dbl ody under Mper se™ Dot g proskn
ve varben acentdime tooape bowgonper imental proseare caloe and esp e duin
Lhony An an example, Tablu T owovien Lhe nhu.ullun W ekl exponiten SEo b oare
lethal o0 trout at g tempetatme of 9%,

The combifnat bon of_the actbon ul cetl |é| anarst hot be alrugn tMothane Leioal -
we audfomate 15 200 0y, pestaharbieat By on G one maud with the acf e
of "perowe™ hslioatal be prasmnge on the othee tovsala §n asame chnen notevelanl
sflovt of andenthenin wmlee prowaseisat long bt thote were alao cheyy
athey caren vithor o sttonpthering of amaeathesds e o0 fok ol intara
Prd Yaenewe o prewsure o nakeol b polency depeals weon 1) the aatare o Che
dreag, &) the values of temperature amdfor proawne, 1 the o foew o Fiok and
ay the phvwlolupleal process wiivh bnoconeddered an (e vl Vool aeslhee

[N}
tie alepth (LEG activity, ovaked visdal potentislae, venttlatny activity.,. o'
.

in

Avacher Interact lon botween "ner ae' ndrosiat b
drig aviion wan abaervad whien gt betized $roat
Uper e hydraweatie prossute than antreated e,

prevoantn ol anaanthiet i
whaand L et bl Loletanee toe

Taking futo consbderal lon that cnrtain beert pases ety
then, 10 wan interenting (o bnyondigate the neearee
ol Nittugen o Weltum on hydroatal e pronsie ActGias, For thle invostigat el
the tish Lu 4 sudianie wmled bacannn (oo densiiy of verd blated (Tl ud heneoe
vent ilatbon Is wnalleriwd by the nature and prvdmure of bhe Tsared Jamtt pas,
the hyperbaric duvioes vers modbtivd (i order o el vatal pressyrs 150 ATA
which fa compiawd ol a given pattial preamive of st gan amd vhe complement
ry “por aw' hydeaatal le prosmnrs. P g tAnbaw Piongt s werw subesbeted ta nepe.
Clwental condlidons pnumsrated su Faliie 20 Do all coern the 0p parvial prewaaes
war Loltially (e, befors preenirioation) | ATA, the temperature 19°C and the
compreanion réin 10 ATA, win™' The visual ohaetvation of opsteylar ativity fn-
dleated the sutvhvad rimen at manimal pressnee (lable | oand 20,

Bl ot b itopes
ol ow pekibie latlsen o

Th: satuiation ol wateo with hediag at 100,
aaddon of supvlval rolative 1o "per s Lydteatatbe cogditions FTal be 1Y Doanal
deging this vriterber, helhug At bn Vhe same way ae el tain natoat bew buogis
PEoantagonieey the bethat action of hydtostat i preanubn. ihis reaglt wan al s
conf frmet by PEE wad evedad visgal ontentbidl seootdinga,

T2 g 4% ATA Rlvew @ prohn-

The aaturation ol watrer wbth ibeget Jeads Looa graater
of Mpet ae’ bvdrostatle mreasare (Labbe Pl g ndbrogin matatat bon Al ernel ens
the tonbi bty of “pet we® bydrowcat oo poeamre. tahle & abowa thel it the witta
pen desane bs Thmbted to B0 AN, The tatal preseare of 180 ATA tim badiay | ATA
Oy POATA Bt 110 ATA “pet ae” hudrestad | vanite) phver matvival diwes
supptior te thear o erval ander bhe eflectn of 190 ATA By dpeatat b prenite
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phates aml placironndes i the Bton Ty rosvine b
pretrpheral mertoas sasten and gaised Jevels witl Pt Pl Peata Ui b e ot
sttetel o reffeses. o aecord nith the observed hyperbrie hyperrefioaia (s,
W, Minap changos in the ocabty of peripherad temperatore prercept ion wele
ohavrved whee conling the skin rom high temperatares,  So stgnifioant canpes
woere formd b the perceptton o warmth,  Hhe losy o coul somsation displaved o
time depeigdense, Peachbm o mandmun ot the emd o vach dive, folloned byoa slow
Fucovety aver |||v teat Joonth (Hayes, 100, A anundvs s oF water halance showed
that evaporat ive mass flox Fesm U shin s sarkedly redived with aepth. A

deg rense 1 The measured evapatat ive Jossea Dliwn to 284 of the 1 bat capabi ity
s B can he correlnted with the change tn evaporative mss trapsfer coed
Fhobent (reduved to 158 of the 1 bar valusi: the Juttee bedng fnvorsely related
to the depsity, [he ody appeaes to voupebsule by o convamitant dluresls an
seet Fram the enleulntind water hulanee Enrlvle ef wl, BP9 I Pevt meamire
ments ot pegionn! heat Josy wsing surtoce plute calorimeress in comtorpalile
condltiony dewenst rate the fmpurtance ol body erivatatfan misk position with
Pepatd Lo the mwgnd tide ol distribitfon of Jueat hoat Loss Jlompleman ot wl,
1078 Ko gross dlaturhanee of the thermoregndatory teaponse to il alog)
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MOLECULAR AND CELLULAR
EFFECTS OF HYDROSTATIC PRESSURE

A MTMH?M. ANALYdLE OF HIOH PRESGUHE M"D ANALSTHEDIC RFFEGTY.

.o Halsey | Angela F. Hott', 0., apicer’ and Brideet Vardley-Basth’,
Divintons of Annesthesia” and of Hedtuwl Cumputing , Olinical Resenrch Uentre,
¥atfurd Hoad, Harrow, Middw. England.

The pressure rveversal of anavethesis is a well vetablished phenosenon in
buth aaphibisne and wamsale.  dince 1071 the quantitatlve data on the decroane
of aHasathetie potenoy with tilorsasing pressure have usually bean analysed in
tersa of the oritioal volums hypothesis, This predicted that there should be
real linear relationship between the percentage invreass in
stining part e L4 preasurs of

.

aly 1978), ha "
dymonatrated that the ume of high pressure helium la :qutuhnt to hydroatatic
premsure (Miller ot al, 1967} mithouph tn mumssls helium doas sppear to have n
veak (nherent anseathietic patency (Haloey, 1974),

There has besn a conafderable discusrion an to wvhather the uyniversal
Linnarity prediotion of the orttiuai voluwe hypotiiesls is proven, It does
apper L0 be eatabliahud in experimenta with nawta (Killer ot ul, 1973) but the
data in mammala are controversial, Yor example, detalled atudles with nitrogen
and argon 4n sice indiuaty that preasure revsrial im nonelinear (Smith ot i,
1079), but this (w dimputed by one group of corkers (kidler and Wilaon, 1978},
Thers have boen fewdr studies with [hteaveiuus agents vut there does appear to
be agr ny that their degree of presaure roversal ia different fros that for
the nl tonal agents (Halmey ot al, 198y Miller and ¥ilwon, 1978),

Howsver, thems last two atudieu disagrer as tn whether Lhe revermal is Linsar.

The tasue of universad Linearity lo purticuinply {mportunt beceuse st in
the major pratiotion of the unilary critioal volume hypothesiss  One nlternative
in the sultisulte hyputhwain whioh pontulsion difisrent molecular sitew with
Linited degroen of vacupanayy (ladnsy ot al, $99%8),  1n view of thin imporianes
it mesned approprlats to attempt to snalyss the aveilsble data (n terss of a
mathemutioal model,  We furmilated three apeuific guestions

1o Are Lhe percontage inoreames {n annestheiic requirements unequivocally nons
Lnear whon all eyperimonial errorn are fnoiuded?

fe 10 they mre nonslinear, do Vhey Fit & mathematival model Lused un u simple
saturatlon of the molecular aiisn - ansloguun tu the langsuir adworption tautherm
(alaantuns 1940)7

30 AMuiepnstlvely, do Lhey bave Lo be (REbed Lo o aore somplen moded whioh
vould predict widitiohul effeots xa the preamirs id increansd?

In vur proliminary wnalyniu we have used the dutn obtatned for Lhe proamire
reynraal of the intravetoun apenta (Halwey ot nl, 1978) beonuss the indlvidusl
nlurk of the variablen ware available Lo ysy  In thnan experimenta anaeptlintic
potoneinn werw deterained in termn of fnfuslon tates under nteady niate
oinditione,  Techntoal Limttations provented um feam divectly meamiring the
anarsthotie connentiutions Ln the serum whils the suimals were al premsurs,

flowever, the polstetam oF Lo aguib s wiw wXproRsed WA erceilngs tHEPPARES
folative to the voilrol perdod at norsal preasuroe Palher than wn abhaolute
yaluene  We vern cohcerhed about Lhe Whworetteal pownibillty uf the rates of
wetabol L ar eaeistion ahangiog wilh prossure, W therefare vatubl Sabed
ALy ahd delihed luvel of RiAeathsiia shl SUusurnd wvaking Limea aitsp Lhe
thruston wan awktuhed oty For all the agentn so far atudisd thern wore no
signdtionnt diffepenoen bo L wiking timen bntwenn the canteal sl high
preasuts curilit fum,

Ly answnr to bhe FLest quastfun vo have sptald tahed that the pranaure
raverasl curves baned on all Uie Individual data vadios for pithensin,
thiopentonn, propaiidid ami Rulssine ave sbimificantly non linear,

T departures Teom a Linear eslatbon bedween ambient prssaure ol
inhihitgon of apneathots wEfeet supgentod it an oxpreasion of the tollowing
form mivht be mattabled

‘.

(ORISR,
Avup e ()
wharn ¥ - % tnhibitlon of ahaeathot e poten-y, | ln pesnmre above almaapheric
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which woulil have 4 gan phase and (o whitch barophbUHe acterla conlid e ngieak
plated vt athwrwlne manipulated without Che peed for sn all=Liguid saviamment,
Clearly, 1t tn desbiable tor s wonl vl woe thal heddam be withont wpectt
blslogfval vltwcty llowever, the tvanlte ol oub vaper ot oyer the pant tew
yoarn g nat Muppett (e Viow that helloan prensugen ste equivilent to o
REaLlv pressilen,  lnste U appears that bl fum hnw atgntlbvont rEfecte o
wietub bl growth,

e data b Flgs 1 st @i tereness i the ellvebs of ivdientatic ptessae
amd ul Bt propsure o the sxtonl ol growilo sl ney b p Aoptevingee. A
wimt lar pleture wa chtadued for growth cote, 1t e remdily appaveecy that
Bl ot Lo prossuls thoo uste potent growth foliblior tian te heffum, Thile
fomling bumleal by wvrvon st g Ligetbigs of Macdota bl 03 1oy Let vahymei
cetldbvindon, B cvteviafae tn very sennftive o proase comgaresd wltls e
bavterta with whivl we Lave worked prevtons by b o B owan ponsihle to catry
wut thewe experimentys wEth compronnod hol bum Trom comme s Lol tanks ol e gan,
Favlor €9) wwod o cvetes t whiteh Todbum Crom a0 J00<itm mouts e wies (uetier v
presemd Lo a0l ate 0 kbt Lol oa mavine bactes fum T8+i ahow fhat SO0 alw
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foltum prowsure apd bedpantatte peosnute voubid not be velateml Cooadl conlanines
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volsuren theough the veldele of FEA80 Munravathon gutd did oot teduce tie
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lx o Compadad Lae wf fboelks ol hvdiestad b ptensate (O\ aid bl by pres
ity Voo arowth ool S onteytalac, Culturen were fnovulated with o av fdmn
Lum vl e over byt culture o nryitoneclucuad Motslte medtun ) plas 10 o
amp e b pet ml ol focabated 44 def Far appd Gt b of Diydroetat & plevante
vubbures were placwd In plantic v fnges of the type we have unml previousiy and
comprosseid Ly wtamdatd prewsiry hamhets el For o appiicat b of helfum iew
aey Uhe colDinres wore pluaced dn Elassn contatnlng st ing bars coatul with
colbony wnd the [lavkn were placed (e clandand pravmuite chambvine D o hambon
wot v vonneeted te oy btndern ot compresned bl bum g prowsutdesd,  Hue calbaees
wore wEtEred Pt ally wfth the sUlevtog bven to sprwd up an ttanutut. I
thewt wxpptdmenta, abe win nob CTushed st vl the codnbare Al olt Lemosal win
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phostomel e et For 20D am bEght, (e valuvn bod Lo ated Aty maaimsl dvmat basy
vithiva,

Anoinent Lied o hol b T gooetally vonnidermd o have neged lve nans og b
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Bl Bim alue eahancon the Toldbitory wftecl of tlttoun uxlde o0 veasl peoswlc
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anduime s grovth tnhithdefon, hvdvostatie pressurs acte 1o revorew taw dnhithino e,
ag 10U st to revetne nancslie rempuneen,  As wbown dn Mg 2, b6 ke ol
wltronn onlde almont compleisly supp od grawih ol B, pviniue.  llowever,
Wbt ben o 200 livdbadt &t b premsurs to the culiure nearly complenely
vevatuad 1he sfisct uf nibrons snlde, sven though 20 atw hydiostatic prevuane
wivtw alwe Almogl completriv atopped yrowth  Here the sntapunistic actlons af
witrous walde and hydroat s (0 preanues e clear. A1 & Jowet Jevel ol 1oL sln
ol nitrous oalde, 1L wan poasibis by application of 100 a0 hydeastat |, vvesuie
to nbtalt battur growgh than al one atm bn the shasnce of Vinus onlde,

[ wn clear Prom the data premnted that Lhe grovtd responses of avanl L
yregnire iwpoudd by use of compreasad helbum are vety difietent from thoee v
purely bydrostatie poemsyrs,  Other warh I thia laboiatory haa Jwl 1o trs eam
com luston Tor bactertal crlin gud Tetrabigmens.  The et concluslon ba G
Il v sy have apee bt wifecrs oo cull gruvth wepurate from thase dur 1lady
o premniis Previounly, Bolalam vt abe (H) ghowed that helive ven sahane

MOLECULAR AND CELLULAR
EFFECTS OF HYDROSTATIC PRESSURE
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iy, &0 Potent bt ton by hellum and cevorsat by hydiastitbc preswde ot the
riowth (ahEBitary dotton ol nhtrous oxide Tor S0 corevinlae prodiog e tiyplene
nineonestiemtty mwd tim nd 2870, Bata are presented ol the eldpets ol hydre:

‘bt b preasury on culbubed sxponed oo bo) st ndirous oa bl ) wr i st

witroun onbde (B2 wipt vl belium prossure g el turys expussd Lo nirous oxide

at presantes ol 10 ) o tovd (E) wbm, Cultubes were expused to ol lome

witn o oabde minturos as descr hed vy boinly (1) tuliuren were vipoued (o
altgonn wbdw gt bidgh hvdtontat b presesnse by phacbog then fn g t1ght oy tugew
Lilenew helont i iy Cudd with the ptoper amsnl ol nltroue oxide ainl Lhen congive
wig L wyi bagen Lo ntandard pressure clumbers,  Fhe awound s of wilrous onlde
teguired werw caleilaoted e ouke o8 Lie Ostwadd saeld Lo lanbn poswonted by Wilkelm,
wioale (1Y, Bl abrebomn weale baldcaten preneure (o alditlon to that due to
nlirous exide,
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MOLECULAR AND CELLULAR
EFFECTS OF HYDROSTATIC PRESSURE
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BTYDY ON DRFINITION OP MAXIMUM PRIMIUGINLE GAS WLOW IN LUNGE DUHING DROOM.
PUESSTON, Wﬂ%_\m Comminsion ¢ Htuden Pratiques d'Interven-
tion eous ls Mar. B3600 TOULOK NAVAL, PRANCE,

14» RIpATimANAA] approssh
et vttt

Deep saturation prefiles eed ub Wy CNPISMER (Underses Operations
Praatinal Sindise Committen) and uesd for husmn diving hava Alvays been
oaloulated from resulin obiained and fewsons lesmed in animal experimenta
tionn at heavy depiha (500 So { 000 metere) varrisd out on minf{ature
Pi¢man~Moore poies,

A vory high aseeleration in breathing has been frequenily chsarved
during eoti\inuous decompreasions after 24 hoursdives a\ 750 to | OO0 meters,
Areathing frequanoy would then ries from 12 respiraliona per minuie up ie
vary high valuse reashing 200 respirations per minute. intermuption of
desoupression would sntall returm Lo normal within 10 to 30 minutes

To explaiti this finding, ve (magined & naturation of the pulmonwry
barrier at permisnibie gas flov level | the (lov of gew orcsuiig the barrier
being highee than the maximim oapaciiy of the lungs,

When deacapression hus not been interrupted, the lusrt gas excses
unadie to uanuel out vill produce a certain amaunt of tubbies remponsible
for serioue acoidents through arterial embolivation,

This siudy aime o define the anximus gaw flow ably to oroas ihe
pulmonary barrier without affecting the darriesr's efficlmnoy,

21~ DAClnision hypatheais
s a o et

Uines \lw body in proporilonally compomed of squeovt, sdipows cnd
{omaen vith d1fferont solubilisy charnateriation with ve t to
; 9agh typs of \lesus vill take oharge uf a sertsin ma
inert gas aa & function of gas distridution ih She wody for & partioular
dive vithin time and depth limite and shall afterwards Lake rasponeability
For & detinite xan flow vithin decumpression lmite.

S Definition proosdure
R s
uf the

3,1,« Dafine mans of gan in sash type uf tlusus from the tolal wa
tismue wid the fnari gew eolublliity coeffiolent glven to the \lwme,

Sedin The overall value uf gas o8 \hus oltuined (o aqual to the overall
wash of inert gaw disnclved in the Wody Por emch bimecapih values,

biSow Compute deccupression table, using olannionl mupereaturation oosff(-
elony while copaummently valoulaving overali Tluw of Inett gan with flov
vaciatfons during the destmpression prei{afvarily selvcted,

Sidee A dual graph may Hien b8 plotied showing decompresmion profile and
Inert gas Flov var{atioh ourve,

Ay~ laguits

At - Haman dives lasting PO to 90 sinutes wb 10 {u 150 melers have
Ay been defined wid experimented,

A2« Tne sganination of aurves linge whown thet o
« e Fluw faolor wesme to preveil al (he he wwieat depihn,

* the wpereaturation sueffloient weesu to pravall at ihe lovest
depine,

- Nragply ¢ {ine graphu)
™o B minuten divew af 1450 metara, one of whish (nduced
ansidenin,

Heu Conolumisne

The iyposimeis ounupleviog weaimun permianihls tnert gan ¢iow \hrough
pulmonary intevlane doss nul yel sedm represantng dwaapreanion an a
whole sined Ahe superudturation cosfrfiatent appanrn primoiiind al and of
danompresnion,

Howsvwe, ShIK approsch ahald perbapn persiy Linkibg \s varlous
datinitiun iypotheadn based on supsventuration ovefliciania snd their
vaviationd, presmive grafionis and; pusaibly, distribuiion,

R 1o
Rt [ TR TR

s Plow
mlomsky

301041 10,0,
130,00
We0ia0,0
e,af) 1000
100, 0
”'”T )

104 o0

1050
]
10 60,0
a0 50,0
[({R
.04 o0 }Q;\ .| l
4,04 10,04 s -
10,0 - e e SV SN -
sl 1 S
b —
0,0 v \ Stas maney annne al ey ey ety
T2 34 %6 7 89 10 U1 AN e te 47
(hourg )
P TN T N foeh 1
K TR [ E I T

INERT GAS EXCHANGE AND DECOMPRESSION

CERL.MER [ERR Y] thom
8/0/1 CIN Gomn
s oy
ml /me
00 5 1400 o ) " )
w >
50,0 ] GINRIY
18,0
120,04
16,0 4 116,04
100,0 ]
1440 4
90404
12,0 4 80,04
0.0
10,0 4
60409
8,0 1 40,09
80 ] 19009
10,0
440 4 20,0
10,04
2l * —
G0 4 S ——
0O On
¥ v n r T y——e—y T Yooy T s —
i ? LI | L ] T 8 ¥y oos0 oty
Sy ont oy det oot Pl e ohnuten, ) (hourg )

Porampreeppion neolflee o wlt o el e ahe g i pow )
[ ST N T BT Tonen ek dedl 8 bt e o creat v L
woeen Tt AR RN R A R O N TR )

e

I.VALtJlI\H\)E ‘):kmcunvm‘s?n‘m lNlLI;\’ 4y h MODEL n{bmunm mm\‘\u llW\l‘llu }u
TISSUE, b, Medval, ¥, oty snd 1y, Kevun® Dept, of themical Lngineeringy
and tept,"u vy u1u'qlu opl |ys|("l|J."Fitu\lty of aﬂld\(‘ll\h\ - Iw.hn\’un.
Isrart funtitute of Tachnology, Hatls, fsrael,

Urcomprussion following & hypordaric exposure may canse farmation of gas
butios Ao tivsue and Gload, 11 fs whdely sccopted that this qas phase {3
the cause of maginal syspiom of decompress fon ytchnoss,  TL has beun swgese
fod thal the formation af bubbley could abio avcud dubing syimpionlesy decans
prossion careied vut by follawing convintional diving tables, tn which case
the bubbies are termed ‘sdimt',

Wo oedtevn that bubble formatfon and €y dynamics ave tho fey to 4 corvnct
ratfonate i conputing decompession Cabfus, o pursue (his concept furtier,
we have developeo I ths paper o oathematical model which deseritios bubble
dynamtes Tn tisauy bnoredation to eayromsmital pa aweters  chavactoristic of
W dlve, vuth as bottow time and depth,

W asyutm that 4 gas phote Iy alveady present i e Ussue undergotng
decompress fon und pripobly enists a8 mutioates oven undes npiwal cond it luay
due Lo the hetgrageneus natute of the tysye, Thie gas phage by conytduem)
to be ftely-diapersnd i the tissun as adnute bubbles, !‘\M oW upen des
conpresston by physical vapanston and foward diffusion of {nert ?M fyom
syrtuunding supprsgtorated tivsge, AU the same thoe blood Plowing o captl-
Taetes oy dnnd gan fean the tiayue,  Buibde resalution will sventually
Cabee pilace dun to surfare tonston, thsue elastictty and {ihorent unsatorat ton
(HE 1Ty ang CoMossurler, 1909F which entabifaf a Qs fon gradfont fayoriog
faert gus vfflux,

Ne surmise the hubblis to e spierdon) and o dlspersed a5 to b cohgt .
dit e s tuatod froan fntind te i tam ot pectgyem! L, Fortuntor s taben
tntu atcount 6 & bt ormdy AU e dhgted sass ok, A nass balante on the
bttt yhoeddy (after deluting o cohvectivie tern foutd to b ot sinor s fandfl-
cane) e oxpresslon that can be wedUon dnoa dimsas tonfeny form ayy

[ T S ] S
{1 . . h(, “) [T

wheren £ G yi), o duaens tundessy pressyre ol tneet gas I tlayue, By detned g

b ;ﬁ"* . Toameey pressurn and Ui subyeriptn o and o denole artental
n-

W lnl(ful' wWooabao debine the Jollowing dimens bonless vardablos;

A ey fonieay i, gt

whtre U Y, bty Ve b ividy gnd N"“ Iy fettial Lobb e vadiue,

the patdo of hubbie radlus to 315 tnltte) valun,
)
"

"
“

and 4 downs fandess radbalc conedinate,
.

Hwenstotles, pror bgston medatay ty, i e

"

I"
wheer o ant G are the s bubEEEGy onet C8 g and potfuston rate, The vyl
sertpts boand 4 denote Biuod and Vhssos sedalodl paramitprs .

The dinspsfunlase prosture in the hylale ty qlypn by
o 4-.;."' Te 0 ke

t 1 1
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INERT GAS EXCHANGE AND DECOMPRESSION

where the three termy in the numerstor stand for the innerent unsaturation,
tissue alasticity and tha surface tension, K it the elastic modulus of the
tisqua and y {3 the surface tenslon,

An mxpression for aP, in the case of air breathing, 1s obtained from Kilis
and LaMessurier (1969)

Eq.{1) 13 tranaformed into a cartasian form, a tolution ¢ which 1% found
in Carslaw and Jasger (1958},  The solution 13 then substituted in the dimene

slonfess Fick's law, and thy result, an expression for bubble radius rate of
change, 14 Fimally given bhy:

a et Wy N oot ]
¥, - - . L,X
LA A OIS RN
Numerical intagration of the abave equation yields v{r) for a step change
n alveolar fnert-gay tansion, asauming steady state values of Po-P,,

This mode! can pradict the behpviour of A deco
depths and saturation fractions ?. for different

Y ressed bubble for various
can be used for the avaluation us lacompression tables.

athing gas mixtures, and

Our basic assumption is that marginal symploms become overt when preasure in
a semi=rigld tixsue exceeds & critical value,  If Fp {a the concentration of
ruciwates in tisgue and & s the added pressure of the gas phate volume then we
have (Nims, 1981}

4 )
S} TpkeRy

It thy critica) & for tnducing yymptoms 13 11 meHg (aftar {nman and
Saunders, 1942) than ., can be aatily extimated,

Thus, bubble radius change following & stage decompressfon can be cals
culated and symptoms can be expected when ¢ exceads ceps

To 11lustrate this pracedure we prevent two figures.  Fig.] thows the
?:nﬁm of huhl;h radius chan ter a saturation wxposurs (fyel) at 30 m,
on

o afte
o tecomp on profite (ncYu o3 stoph at 7 moand 3 m with more Lime
tha shallower stop,

t ot
This {1 typical of conventiona) decompression tables,

Flgid shows tgutnlcnt patterns after 4 30 i wxposure at vaturation
fractions of 0,3, C,15 and 0,08, The l%luo of a proper uptake function was

avol aed bg simply f"“”"e fy valum, he first stages of the decompression

raves] bublle resotution because of the tow deyree of supervaturation, but upon
further decomprassion bubble growth takes ovar, It must be kept {n mind that
the saturation fraction values relate to the firat decompresiion stop only and
require adjustment {f the turface 1 considerad as the reference,

The mode) also predicts, in agreement with empirica) findings that more
time spent in daeper stops vesults in a shorter total decompresaion time,  Thut,
o wmaller maximal bubble radius {s obtained when tima [s partitioned in Favor
of desper stops, Further applicatfons of this model inciude wvaluatinn of
therapeutic recompression profiles with and without oxygen hreathing and
aptimization of decomprasuion profiies.
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COMWUTER STMULATION oF DIFFUSTVE GAS MIXING N CTHE LUNG AT T ALAL LI Van Liew,

Pepartment of Pheafolody, State Polveratty of New York at uffalo, Buftale, 8Y,
14214, B.S.A,

Gaw-phane aiffunivity 1s laverwely projort bontl Lo gan densdby,me dilfunive
mixdng of alr moleculow within the tung can be expeeted o be alowed by o Cactur
ut 10 whot u peeson breathes wiv at 10 ATA However, {1 in known that peaple
tolerate 10 ATA of wlr without slgne of severe gow exchange impatrmast,  In
experiments at 9% ATA (5)y W heavy gan, S¥, wan clearly not as well mixed aw
It had bevn at 1 ATA, but the decronns wan far Lena than the approwimately 10~

teld decrenne of diffuadvieye Why In pulmsnary funet Lo s lusenndt fve to dif=
tunivity changus?

With the atd of a computer, one can wimulate G iunive mixing of gav {1«
cotitadner of any abapu, Stmulationn foy the brwlid alevay wystem of the buman
Tung at pormal prewssiton {2,047 have whinwn the following: 1) The several most
puriphoeral flower) penerations along anv path are vawoot (allv st difrusion egut-
Tibrdum will each other becanse the alrvivs ave me khoet The Towst altwavs
and the alveol] they murve accoust for aimont all of the Junp velume, by A
oy Loratbon alotg the wirwayn, there THoa gtepp o eontrat fon aradlant selveey
the wellemined gas Lot fower wdredvs aid domisel Tospred gas o appet adewavs,
O urbngy Tnaplrotors Tlowy cunveet tan pinhed thie iTadient replon peripheradiy,
d) Whonever {iow wluwk or atops, dOTfubive dinehrge From upper to fower afrwavs
cannen Lhe greadivnt reglon te aove mouthivard,

1 4 hyporharie ale wnviroament ¢ the outeame 0! theny procewaes can by
wipretid Lo ciange bevauwe I univity (e Tasn and becauke convert fon hecomn
relattvely more (npartast fn ol s to/econvect fon titetact loos,  1n thils vommus
icatton, we poport on sdeulat bons of JUHEunion g0 the Tunp at 1D ATA, wilh
wpeedal ewphanin on the #fftcioney ol pag wxehamw per breath an fudeed by the

amonit of dnwpirate that remalon (o e bunet{onnd rekfdaal capactty CFREE alter
vxplrat Lo,

MELINDS

For our propran (i) wo weed Lhe motphoiset ) be egiat fone A" of Welbel (1)
Loy gponarate o Jonp of desgpred sizey then divided thie Tong (ata M conparimnte,
o For Lhe teached wad wie eack Lot the mamn ol @l olivavs iy owael of 0L
puterat lona of hraneching,

Pho sl lad fon of diMGanton alone connlite ol atiowing an Dndboaleg pas te
moww betwoun lie ps Vobuned (alveo ] flus alrenvi) ol ad Jacemint comparipentng,
The tate of moveienl bubweei o compor toetut ol 40 nefphber (e eneed te be
dirvrtby propoelfonal o wimmed crorp=aned fonnl abea o wo b alvwayn Tu Chal pen-
eratinng ta gansphoape dEECasledlye ond to the voneont et fon diTTarenee hetweni
the vanpartieid v rale 18 inveraely propovtdonal te loath of the aliwavs 40 The
penerat fons Thiw i e geeatn hetweet vack paet of compat bweld s Faloa nhort
Vi dntervals A D il of the Interval, the pew cobeat ol i 4o vaeh eene
patbment (0 ovadoubated and Thed anethed aterval b b lowed Lo aecor,

The wlwalat fon of 0 Tunton plud convect by ablit fon of taapbied pas into
the Jang colimtts of the above procons plus add el ol an appropr fate amount ol
Indfcator gan durtng vach time (steeval (eto the part beular goierat loa Ju which
diftanlye copduetanee Junt equals the desired conveel Ive Tiowgp tn ofteet, all
Lt gan Chat enlers the approprlole compartment by copvect lun vat Teave It by
Wfunlons  For conputatloss prosmted here wio uked dEEfunivity of B, ih aie,

1]

T
Lum W ome, Bhor,
G b b "

Figure 1, Pratdlon ol tndloatur pan consuatead bon e balfee to I||u||l|ll--l
coneentratfomd v e bal e volume fwndde the b at 1oand 10 ATA
alter b pee of conkbant fnaptraboey flow Mideetits ol the v irjom
wenetal lonn o hram Ding ahowin e fower ax s,

RESVLIN AHIE o0 bt ol

Fruvre 1 onhown thie buddoatur wan cone el lon iwnble o Jawyp that vedpinaily
Contatued m badbatar. The rompybat Ioe ape for the wmpd ol 3 wen ol Jowpdbal Lon
af tidfeador gt n o copslant o g of 5 0 Haesy equdvadent 4o ihe il ol w
oo L tuwpdrat tone The concmnteat hon Te dinplayed o Frefife ol v/ tomnin
Pratton pelatlvie b tanpfaml Coneent s st bon) v cumalat ten buny wolume #loiy M
ALIMAY REOEE DR ab The Tup ul Che thnhea, T pan b G Jeld of the vealt al
Altow Wi be ewhlead, and B0 Llete wete me farbher miwing, (o ctedile o« o
worbih bae thacml it 1o the exhaled grsl foe the 8 ATA simabal i teat 00 ol
of high comcengest ton Tmlieator wonhil be i leed an the apiet albeay “ead
wpat ' fuddoamd be on wlapiig “atventm platean® that b CA0p ol L 2K e
s T the FMC 01 DHetn o the pfpht ot the sertboal wrvow) Ty LTS
C2rp of abont PR T dauhed 1V ATA pred b e Ao e Lo e vebmbdrtabty e e ent
Ihete (8 noe platran (0 the paw Ut wil) be eoplved aot Hhere (oo prodien iow
CA0L nt LA L L Oh e b PR The ol Goin Wl (hat tor the B ATA
vant ol . 1y Wl el indGeater wan Do the FRE wherras (he vabue von anly
Jan mloat 10 ALA,

In o tead Bleath thers munt heoa o lawtng, wtopping, and teveraing of tie
At the wend of el it (one Wie s bated Phe bt ional mixiny Vhat avonrs
Tho trapatont stale b bere oaEleatben 1y allowdng dH bunban o oot as {t

uld
duthug o e bhold. Renoltn aee shoawn Tn Fiyo b der tha

LATA vami g wlter mdy
Cak ot thie "hrest bhhebd mebe ol U busier mdndng, U wtepp g adtont dun
weoved monthwarl we (e A boelee deml wpscs ent bmabe wonbit b aboud 190wl T
Wrocunm (d Mk whowet Al BATAC In b owee o the prod e be sl CTD G U o Fpht ol
Phe beplinngng 1 ATA ptedthe 18 wonld Cake wbond 4 e T ABA Eo aateh 1
C2 oo prebile der 1 OATAL A sl wpee entinate alter 1w at 10 ALA wienld o
ahet Ay mb, D the 10 ALA came, Dhe mogd hwatad mosmsent s lowed by Qo odit o
Al e, tn el e lown afewd v ol Tact that the protile ba tu the hilgher

b red genptal Lenw that have Sarpe ondus o

Cnvmmed 0 pomwc it lonal wiea ot
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Figure & Change of the profilen during o breathinhd in the fndpirataey
punit lone Bolld rurven ¢ 1 ATAL Dnalwnd cueves o 10 ATAL Times
whowt tn wee,  Peolilen [rom Plp, 1 oare Dabelbed aoto,

thy atrways ddvided by thede Tewglhhy al 1 ATAy o woe [n the breatbhodd mode
addu 48 mb to the PRC at the wnd of the flow phawe, whorsas the name durat Lo ot
10 ATA adds wlightiy more, 493 mi,

ong

compitatbonx e whicly LR, 7 08 bawwd ahow Uhat 1T 1he Breathbold ande
A0 o2 deey the fractfon of tospired gaw to onehange tobe Lhe FRC Gk b0 at 1 ATA
and Ball aw grenl al 10 ATA A 100 wwe paune ab s« fuapiral fon conld conpen-
wale fur absut hall of Hw efiect ol the 10-told duerpsre of dittusivily, or a
douh e of ventilalion with the o2 see hrenthhold mde cauld complotoly compen-
Rate,

Theue computal fons wat fmate the mindimal wan exchanie,  Heasured proitles
durting wxpitation [n men al % ATA {9) were nut wan fat to the right aw Che
dantd curves ut Flge o An mapggested by Engul eof of (B conveel ive niking
g to darl actlon probably facreases U effoctive dilfusdvityr £ omsy e
prof e of Flg b oand & waadd be maved siightly to the Lot fur 1 ATA (hecoune
the profilvs are alroady in emali-votume, fowevonduetanes upper atvwava) il
markeddy to the Loft at 10 ATA thocauwss vhe teof il wre [0 higheeandirtanes
atewuyn where addlilonad mbxbng an have 4 Javge Gmpict an amount ol gan vre
vhanga,) (Rupporisd 1o part by K1 grant b= Laeié,)

Hefaruircos will appear in PROCERDINGY,

W ok e ok

s

BOME WECENY KXPRICMERDS oN BURBLE FOIAT O I HUPENGATURATED aFLAT L,
[ 100 (5 ¢ ATl [ IR LIV . bepurtment of Ihyaton wnl
At rohomy My PAFEIBL o F TTiyRl nJoRy, University of Jnvalt, Howeluly,
Havall U6022 U ULA,

Previous experimentu on hubbie Pormation tn wupesnklurated goiatln (Yount
g trauns 1070) Yount, Teung, shd Ingle 1970) vers oariiad out pRiniy with
rectangulny pressure sehedulan consisting of & vaplid gompranaion, nquiitl.eatlon
o' the wasple al dome (he 4 prewsure, and n rapld dwuoupranrion, Thin
sluulates o dive profile from which prossuresraduction Hults van b detrimined
Ak funotion of saLurktion pranswa Fop thin claan uf svliadulsw, the reeulti
Ly viten wrs quite simllar to thonw | ng WA A athamabioa) model deveioped
L geaeribe bubbie nucleation o awiatTn (Tount (99} hna Leen found Lo be i
ramarkably good agreemsit vith desompresaton date obtained Feom rats wid hunsos
(Yaunt 19704, More apecdriemily, tHoplethe of conmtant hubble numbay ti
Aotalin ara wimiInr to thoss Ln ratu [WatL and Lin 1970%, wid they wre siwe .t
Liw wave wabhionstival form an the 14nes of wonetant sffeative dose {n rute
(fergiiage oL md, §970) aud A thw presanes peduciion dimdte {n hamenn the eghinge
et al, 196} Henneswy wad Humplesan 1997),

Pha gelatit experimants roported hare sxtend the {moplatha o conntant
bubble nuaber ihto & v preqaure vagion, Lhereby nimulating conditions that
would be experienced, for wxample, Uy humens wxpoumd to high sltitwie or to
Iaubarie counterourrent df frusien, The nev replon om &1Bo La axplored by
uning #lov qumpraaufons ur ateppeil dumpressiohs vhich peradt & adgnd Fleant
vine {n L diasolved gas tanuion 1 vhile the ambient preswurs 1o dn still
Ihuranaing thus, vhersas oonventionkl rectanguler rohedulen satinty
the oandition that the Initial vompression {8 grestar than or wjusl to the
rinnl decompraasion, Lie reverss in trus Ty the uchwdule wshavn I Fig, 1,

The nev pressure reglon 2an be chnracteclstd mathomatically by the
inequality

Pra " Puramh? t
where
- 1
Pou " r Pm\n'nu
tn the maxinun supsranloration nehinved during decompression md vhere
Voruat * Punl " s t

s the maximum ovepspreuscrs of crushing prossure achieved during compraanion,
Yor Lhe sohedule shown I Fig, 1y the wupeessturstlon in glven by

Py " Py = Pps ()

whers po (8 the saturation or squllibreating pressure and p, i Lthe tinal
prnlurl ol which the bubbia enwile are made, Ry devign, =~ fhe meximin
ovHE-preasure p nocurs on the Fieat atep and 1a simply Lhe mamiitude !

the inftial “rush vompregni
oup (ntarant In the yariabjan Taw LR i Im duw in o pmel 0 The
sxperimental chespvation (Yowt and b r.u“ PHIBY Phat Dbkl e eonupta

Ih galatin subjacked Lo & rectangular preasure aehadule depand ohly upoan these
prassure dUFferences And B0t atpen the shsciule presnires par e, heptacirm,

e
T b e e

INERT GAS EXCHANGE AND DECOMPRESSION

T B PR P R D P
hae e Darereal sereg rons ey oy
©ofstt e Pl tarvew! g Vids anee ot !

'
h

‘The fwaplathg Por Cobetabl bubb e uabere % 40 pedntin nee whovn fo0 My o ‘ N

T osnpured prointe wxbend weld (oG the pew repleon detfue by Bpoody o shd et
gl of VChie ynpiong Wia dusrted Toen exleudated fror nuzienticon thoams & ot
Tatant give nhomecurabe deseriplion o8 bhe daba, (AR Yl ahl with b
(e Khoreant pranty abl TRIRE | Al LRipe | can b btklned by Cuking i
Litar neennit the akin thicknes, the spheriont vue nurlef st ower K
Lhe medn inttiator ol bubble tmll 0 In selating Uhere rapming, howevsr, n D
aurplus of nuglel wt o

vl

- . it wvhich 1n net{ukted @i Che farimh guper= i
eruh

nlmu‘ntlun Dy, 48 ok VAR bhidy L hAXImUn compep Peanane by The {
gl nuekei nre wantdy cpulo and neat Chepel e be gaatl 0

Filind il pubhane frapling Purtherrors, thel e olen dinteibation dirrarn
rnikedly trom Lhut o aphetice] ean nuclel, A claan Jdeets vhnt migrt it
this densripllon Lo praus i il erevioss {n Buspended dust bepyf-len,

A Amporlanb bepliention of this werk {0 thal superant apation tele rano ey t
wpa wieh Lownr Cor funane expose-d Lo hich sititude ar Lo feoaaete countaregpront .
A rrusion than Ly are for dr - nrakrated by o WeetAr ) Amtnelyy E

- !
Lhe provhy IR wEPecti oo buees Thilial sotpransioh cwn crueh’y
fnwdvartant ly mgpadeted through Whe nu'ection of any dive prarils whieh abt aou
noatgniriennt tneronse 1n the dua-dvad gas teheinn U dePore the raxdinue depth . .‘}
ta rewotwds Finaddyy (o lvem of Lang durst tong ths pepoheral Lo of g il )

e vixu mmy wrnae Lhe arfectn of & bapre indLin] comprenaton and prelies w
COmTILTan mmdofown 1o that npeciFied by by 1y

Reforuncan witl uppoar In PRRENTRIR, :
Figueen 1 and 7 follov,

2f T T T T T e 528 oy —m
- ’4— s ’

20

T

T 1

o _{ %
6 . ]

— ———_—

F S S |

=204 ATM

Presswre or Tension n ATM ABS
T
pss
1

°, }
.3 N )
% / b
415 ¢ Bt " Bama” Fimax 7 ’ !
’/ . |
2 + 8l Pys* (T~ P! max . P
po .“- [-]

ol 0 4 )
0 2 4 6 [] 10 12 14 !
Time in Hours '

51

- toe eyt Jre e . " ki e
o L L LT VAR R AN R I SRR A e s Aitiiai




B A
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HEALTH HAZARDS SESSION XIV

MICROBIULOUTCAL BTUDIES ON ACHTE GTITIB RXTURNA LN . ATURATION DIVERE: The divers’ sare snil the chamber complen ware swabbed before nach I

§, K. Algock, Dapartmant of Wacteriolouy, Medical #chool, University of saturation and at least every 2 days tharesfter, Divers vave not sdmitted tu
Abardaen, Beotland, the chambere if grem-nepativa baclilil were {sclated from thelr ears in the pre= :

\ dive acraens  During o dive, divers fvou whosw aary gram negative bacliti had o
buen {walated vare trexted every ¥ hours with ar dropa eoncaining pentamicin

ntitiy extarna (o the sajor infection problem asancisted wit diving (8,10), :
Tt [e probanly the nommonest ceuss of sorbidiiy during saturation dives, and {pn ;::S:;::.s‘.nl:l:o::dl:nﬂl'y‘:‘y‘::l‘\u:‘;u&::z:t.(l){::‘:/v. infacted divars vers

! this shvironment the aymploms sre frequently Incapscitating (3, 9, 10,

Nuring the [iret tve dives in the T complem ‘Nuvion' ($.¢ 10} 1/200 was
uned to disinfect the chamher, tharsafter ‘Panaclde’ (dichlorophen, B,D.W.) 200
parth/105 van used, A blgh standsrd of general and personal hyglens vas snfurced
during the divas,

A eritlcal factoy in the pathogstesis of the disasse appears to he the
fative proportions [ gram-positive and prem-negative bacterin in the ear
. The nevwal flora {s pradominantly yram-puositive, mainly staphylococei
} md corynehactaria) in otitla externa ls predorinantly gram-negative,
malnly ¥ntarobacteriacess and Pesudowonas aeruginosn {3, 11},  liydration of
the akln of the sar canal probably predisposss to colonisstior 'nd ovevgrowth
by wram-nagative bacteria (17, 8),  Piavruginosa {a the gram-.epativa specian
miat uftan implicated i overt disease (8, L1).

11 the Rk system only, divers routinely uswd prophylactic sar deopn contelniug
borie acid, alcohol and glycerol,

During 1974-7% two saturation dives in the North Bua wers terminatad

" hecauss of incapscitating otitle externe, snd others weve disrupted,
Viaatuginons vas conslutently tgolaesd from the wars of divers with otitds,
This papet describe data ohtalned duriug seven subseguent dives which vers
subjected to microhiotugical monitoring and contrut.
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CHANBER COMPLPXEN ‘llumn Uun  tsw s
S e e s T e e e e

Tvo romplaxes (Fig. 1, T & R) eltusted on dlfferent ehips were studled at 1 A0h cmi
dittevent vimea,  ludlv.dusl chasbers vors namsd sfter thelr diame
willimstras,  Kach chanber had an ' ' aran which contained th
roover snd wash-basin fnr that ary ctampad.  In th
thie area was waparatsd from the rewt of a chumbar by su afe lock (usually open
during the dives). 1In the T complex there was no separation in the 1300
chambey and onty a Luoce fitting weras . {n tha 2,50%  The wain 1lving shawber
was the 1,500 in hoth cowplexer, arn housed & « 1 divara, An atmonphere of
oxyhaliwe (Foy 400 m bar) van cocyelad over 7 - B wina, through tanka of ailica
gel, carbon aid sods-1ine,

YA LOMBE X

DIVE MONITORING AND COHTROL

Four divas (Ty = T,) lauting u 10tai of 34 daye snd lavetvieg 23 divers ALl ) 00 i
were wonitored in tha T complex, and thres divee (Ry - Ryl lanting o total of
6% duys and involving 33 divees w monitorsd in the R complen, Work wae at 1.
% dupth of 13 - BS watres, and divers spent & = B houra aach day on the ses :;:huln A:r"“:::“;1::.";;:;“‘;{“:":77':":: :\::t.{n: :l““":::l“"""‘
hed for about 9 of every 14 days in saturation, ©1d, compresaion/decomerasaton o ‘fv(“ ba1d kays on here:
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SESSION X1V

HICROBIULNGLICAL TECHNIQUES

A described by Aleock (1977)),

RKBULTE
DIVERS' KAR SWANS

The pattarn of data illustrated In Yig,2 s veprunentatlive of that ohtained
in all of the dives studied, Many divars had uaed prophylactic andfor sntiblocie
sar drope durlng previous dives, They stiterad saturation with either normal (60%)
or na detectabie aay flora. Thetsafter gram-nogative bacilli usre laolated from
the ears of 19 (87%) of the 38 divers stuwdied, The sars of B3 of infected
divers becams volonised with gram-negative hacilll wlthin the tirat 6 days of the
dlv:.' ki‘ absence of datected ear fiora {u the pre=dive sereen did not predispons
to infaction.

P asruglinosa was levlated at sume tims from BAZ of {ufected divere, and vas
the flyet {eciation ot gram=negative bacilli fn 50X of waper Hon-paowlononad
svaa-negative bacilll {sclated from divers save {and from the chambers) contalned
A high percetitage of merhers of the Entevcbacteriace
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Flge 3, Kar tlors of divers during the dive, Na.  Hyshalsl @ , normal
gram-poaitive flova] A |, nonspdeudomonad aram-nagative baciliiy
QO Friaeruginoma; Ry no bacteria Inolated; 1, tert; R, right.

Baven divern never entered the vater tut remalned {n the chanbors an Lendurs,
‘three becams {nfectud, (vo with Poanruginona,  Actual diving, with direct
watting of the sar ; wan thuw not swsential for fofections  Divers uning
the T and R comple wuffered & winflay licldescr of war {nfection, suggestivg
that vhe prophylastic eat drops used by the R vomplea divers werr not effective,

Pive (23%) of the T complen divors and tive (13%) of the N comples divers
developed war pain,  Ovamenegstive bacilil wara {solated from the wara of nl)
thess diveru, and Poasruginosa from sight of them,  The patn developed within
0 - 4 days of taking the sar avab [rom which gramenegative bacilll wers f{rst
fwolateds 1t wan never {ticapacitating,

Twenty~ous divers (54X of all infectad divers) did not wtart decowprenwion
for tlve or wre daya after taking ear swabs from which gram nsgatlve haeilly
were Tirat daolatet,  All lut two of them wera Lresled, aind only ohe {Who wne
treated) suffered pain,  Theas data, combined with the finding that only twe
of all treated diverw suffersd pain, suggent that, <ith treatwent, {olfectud
divers can remain in satucation and fneur Hitde risk of paiun.

CHAMBER 8WALN

Puting the dlven 377 awalia were taken from the main tiving (J,5%W) chiambera
of the T amd R complakons  The "HoAN, ' renionn of these chambeen (lavatory,
wash basin, shower, and the aljacent chasbar) whowsd heavy contaminatisn with
e asruginonn and other gram-regat{ve haciili within 1 = 2 days of etarifng
dive, atd vontinueusly theteafter,  Flaewhere, only scattered inclations were
made, the gas regenereation ayatvma remainioy patticularly clear,  In the fivat
dive studiad, the men's bedding ahowed & mixed flora of gramenegitive baelitf
after 4 days in naturation; {n nul:n«'pmnl diven hedding wan chunged svery
2 - Vdays,  Dally disinfection with *Bavien' or "Panacide’ fafled to reduce
contamlitation of 1he 'S,A8, " srean tn acceplable levels,

timitiog wampling of diving auits aod hoods showed senttored contmeination
with Py astuglnaas and other gram negst {ve baclily washing with '1ana fde!
did not aliminare thin,

RKENOTYPER DY PREIDOMORAR ARRUGIRDEA

taotatione of Poasruginons from dives T and ¥ = Ky were narotyped (4)
and phagy typed (2) at the Central Public Nealth Laboratory, Colindale, Losdog,

cChamher contasination with Poaerugloonn was oot detected bafore dive 1‘1.
e diver (1) entersd with two strealne (of servotypsa 13 oand 20/%) tn hin
sars, AN he vad not resoved for 1 days,  The 7h/% atrain faier became pre-
dominent in Win sarsy but type 11 atrains accountel far Jh of 18 fealatlone aof
I avruminonss from the enen of the other 5 divers, for 1) of 12 iwolatione ftom
the chamber and for 4 of & laciatfons ITrom the diving suite,  The remaining
steaion {oolated were of type 20/5¢,  The phape typlog renuloa fndlvated 1hat
all atealon of waeh merotype wers indist ingul ahable.  Ro other atraing ol
Doweruginona were (anlated from wny source during the dive,  Although fnltial
chanher contamination may not have been detected, the svidence Auggrate strongly
that dbver A Intrnduced the infect fon,

The &b chamher inotasions made duefng &) - Ry wers almont equrlly divided

hetwern ¥ moroatypen (Noay 3, 11 il B), bul $1% of the V5 ear laoiatiane wnre
of anly b of theaw (Moa, ) oand 11), Faeudomonnn avruginonn wan {poiat et

FITITRV AN

HEALTH HAZARDS

from the eurs of |7 divera smi only thres were colonieed with type 6 wtrains,
Before thu start of Ry, Poasruglnosa af aerolype 11 wae inoleted from the
2,500 chamber, and by day 15 of this dive wvrotypew 1, 3 sad b wore widely
distributed {n the chasher complew,  Ones ewtablfuhed, thin pattern of
contamination vemained consistent throughout the rust nf Ry, and throughout
Ry and Hy4

The dats from the k complex point to the chambers an & posaible tessrvolr
of tufection uring aud betwean the dives,  The data from Ty do ot contradict
this view and polnt to & single diver an the probahis source of organi ses
which, tn thin dive, cauasd both sar infection and chambet cant aminat fan,

Both aets of dats suggeat that {n & saturation environwent vertaiy rotypes
of Ioseruginona are more likely than others to volonise the ear canal,

CORCLUSTON

A characteristic patiern of diver {nfention and chamber contamination
was conalwtently obuerved in the 7 diven studied,  The contral messuves
vop loyed did not prevent colonlsation of the ear canal with Rram negat ive
bacilli, but they did control the operationsl problum videh prectpitated the
stuly = Ipcapaeltating ear pain,

The rasults are relovant not only te the ntoblem of otitin walerns In
divers, but alsv to the genaral microbiology of vonElued, Wyperbaric
environoenta,  Thete appesrs to have bren no comparable mictobiological survey
of aaruration dives umder comewrcial conditlons,

. Purther fnveatigations bave beon undertaken {n two areas) the propetties
of P,meruginons grown in vitro under hypetbaric conditions (1), and the
pousihiiity that, in & saturation envitonment, coertain aaralypes of 1,
arvuglnons are mors pathogenie than othern,

Regferunves will apposr o MUKIEEBINGH,

% e o

AN ERHPHEOLOGLCAL SIUMY OF FATAL DIVIRG ACCIDINTS T Feo CORMERCTAL BIVING
FORILARIONG, Mo a0 Biadlos,  adaead Mdfoal Ronearch et Teate, e,
Tayvlandy 18 A,
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Phe et U Sca e sk pen ol s Fram 1900 10 199 Pt et Bodn oo el
Toouhe Bt fodoe U lom ol wow abbv g Cechnbgmen wind bee Fehi ened dov lee opee it lonn.
TU b metesntthe that 0 pbeernt seavs There e Seoit a anbatant bad Dabad b
e tal bey i lwetk g

vt e et ey mal Ulpte b bt Thal e sglaatly Al Lo [
b al tel the s el e b s bvgatbies ettt R

Tl errae b lone brbween v Cablen vl W0 e
taben ol ptdeniole

avs hleste o an

Qb B bt b fulee e tien T buer

et Ul ) e
e petmngs
abbis thoat

(L T I I R BT A [ B ST TR
Toudarvg o emesr LS B IS T KT O N )
wi et b tuia oyl nt
capalile sl i tnp Injaes

Heenl Doty

Aprsnul Esprb e e e e e ob e o e whe il e Uhe vttt
S il Vel e

Atal it g the B

e e gl ol

I3y 1 thes
owlele 272
RO R BN B S RN TN TR N SR TR

Tl o seaber b man ge o b
T N N LI

Wity t g el
st
ol

v
the

LI B S P T TR

Ieatth ¢y
LSRRI
el Lol
e Dl
TR ETUTNE TR

1l

RIS I Ty F R R TR TN P )
B E EIIS IVTINE N YR TIPS TII 2
Uoentafhe, A P AT
B T [T TR B T
Gl T o et

[ T Y R I Y ]

ool e

Bl dotal Vo betan ebe Gerad v Closs Tnoobsbie $0 0 s oot [Tt
(e Bhvads o] b Jeegnee o, Belarbon ol bvabooe S o S dgoe
1ake foam ol peel Jenlemend o e e nk Pt Juve o eeepady
P tamt el g Cladate Lo Bat ol 00t wa Dt oo be el Tl o br au ot
FL L O Y T | R S PR TN PN g

laer e - Lted,

b panle o U el e

ety b bt L et
cabal ey e
LN R TP | PR I
Bhe gt 0 oaob pande e

Phe e el e G0 ] e
Tl b o Bl Dwud
ot bbb d e Sl *
L PO O YT A R} F T A

Tovaleed o
Mmofw tn
ik wl

P Erearent al 1 bere

LR I S T Y BT N Y S P I N S PO TR B F o) YU S PR S
vatbede ey dn bl 0 e merl dlmgaal HINE LRI L N
S athor, W) LR R R B I T A RIS A R TU I BT R FTT NI waltell .
LT T T B I R DY I F I AN
tapile 1 i L LTS S TRt [ TR T AR NIE T VRN T8 T P S WS
(R LT I DO Y L R T I T A T P R LRI TP A
gL T Ty Y R T S T T e S (e T T P [ RO N R
RN ety 3t ol st St st aie¥ata walatils, Ll i e £ i e A oA L

|

N
|

1
|

"




HEALTH HAZARDS

thewe necidents avcordiog 1o depth s presented In Table 2, The majority of

tatn) diving aceldents {o the Hovth Sea ocenried during diven [n uxconn of 200 1,
Tn buth the dulf awd Warth Sva, episodes of unexplained diver unconscioveness

ar undevoutt able actions Fave bewn contribuLory to secidents oceureing luring
diven of 100 rt aid groater,

Hrwathing gum,  Compresavd afr wan the breathing gan {0 uen during the
majority (6J3) uf fatel accldonta in the Gulf, Helius-oxygen mixtures wers mont
cammondy (63%) I use durbag fatal North Boa aceldunts,

Uold,  Cold wam mentioned aw o contributory facter tn VR of the North Sea

Tataltting, 1t waw not @ Tactor (n any of the Gulf sveidents,

Sun_atate. Huavy mon states wore cotnfdeced to be s factor in 131 of the
North Hea nevidentng atl of theav accidwntn sccurred on the surlave. i none of
tha dulf deeldunts wora bad waathor conditfone consderud to be o factor,

Bquipment faflure.  Bovered or fouled hoaes oecurrad in 335 of the fatal-
Tten dn the Gl amd dn L% of the Horth Sea acclddentas  Tn 11% of the Horth
suin deathn, o diving hell wax dropped; tn another 191 of the Hueth Sea fatal=
[Llen thube was some Torm of squipment Catture, usunlly concorped with the
utuelwat vr broathing gesr,

Capability of uthers, tn 33% of the dulf Cacalition amd 1 725 of the
Horth So@ wevidontn thure wak mome {uFm of Judgmental orror by the allving nuper-

ik, tmder, or Lullman,

Sumuiry, ot unvivonmental Cae There i consldurable Influancy of wnvi-
ronmata % in vommertial 04 fatalitian,  Deepey diven carry a grester
tivke Cobl and mun utats contrlbute beavily 40 the Hurth Sea,  Bowuver, the

mowt fmporLanl anviroomental factors preaont Iy fatal accddonts are vquipment
Tafiuve ol diving supervioor/tender orvors durtng the conduct of the Hve,
tnpravid wuipment sulovt fon, malntenances, and operation, topether with adheretce
Lo cnpent wale operatiog and useEgeiey procedured would appoar ta offer e
prealaat ponnlbiilty Ffur refuctog acetdents, .

Agune

Apent Fretors are thome agonelus that constdtote the dive. ¢ vuunek »f
tulurye  The dladributfon of agent favtoes dn thewe twe populattone (o glven I
Table 10 0 buth grovpa, drowniug wan the moat comman proxtsare cause of dosth,
Bevomprosston aieknenn/ate embol (hm ang anphyxkin woro next {0 order,

Bumnpry,

Combere Lol d1ving I8 d harardous serupation,  deverilviose, the fatality
raled are not an high an tob other high  1ak vecupations, such aa anthtae e
mindng, 10 the bnlted eatews  Jo receiit vedtw, there how bhevn o wigndtleant
donwgward trond (n mortalbey rntes In the commreiad diver populatfons n the
Hopth Neg oaml the Qulf of Mexteo,

Tho {nteractionn ol howt Eactors; envivonmentnt Factors, aod agent taclors
i commuredal diving fatallties tan beva oxemined,  The contribation of eoviron-
montal Fuetopd to diving fatadition appunra to be the greatest proliden and the
monl ametidble Lo chaige,  Howarch Slo the canme of dlver uieonne logiisied and
carkplicable netions ovcurrliog st deplhs below 00 1 Ta needed,
Ackitw led gty

Navil Hedloal Hospnrch and Devedopment Gonmand ;. Work Undt e, MUOYY. PN,
Uty A Phe opdndank and ansvtUone contatied hevein ave the private unes
of the weltwr il neey ol ta be sonatraed as ol fledal or folleciing the views
af the dave Depaviment or the Haval Sorviee at large,

Ve wupeth wdftos tnt asnlRtdnee of Hine B My Mot Ja sbead Ly
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SESSION XiV

tahle 4

The dintributfon of caunen of death In diving accldentn

Caune Bulf of Hexlen Narth Sea
[$3]

Draws luy 44 [}
Necomprovwion wickness/ ,

adv umbo) fum " 19
Anphyrin 17 !
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DRUG THERAPY OF DECOMPHISRIOR RECKNESH, B, He
Huvhorehon do Biopivafologie Appd Iquss A Vi M
FUANCE,

v centre ' roides ot e
ol 610, B Jenlun Naval,

Mhis quescion han oot been o Cleld of datonadve vescarch wlive tie sopurt
dune {n actaber 1978 b the EURH'E mealing (0 Lisembowt g,

Lot uw eecall Vhe biologdenl aymlvome Dioked 10 the prewence ol decomprose
advn ndaced babblens $8 n vuwond [ally 2
sl
mivtocivenlatdon disturbanee, with plawne Leakape
plateler aggvepnt fon and hyperoogustloat fon
Evernt {4 fal ovloms
Bhink
vans atd bioticho const ticd Lo,

T

Hymptomat e therapy of thexe dliforont de

edui b In maduly baawl un phexioe
pathodogloal and pathedopledal conidesal o de

teed Lo anfmal ex sliments,

Clinteal vontiol for the oftTeloney af thin thorapy ia sliffacutt, due to
the wo bl Do fdenere of decomptosndon sdekoens and Fte polsmorphisn, A stat s oal
Niwdy focbuding cuntrola (8 uneany, o6 (the other hand, such o thubdpy Is mver
el tlonee buyr dn o combinat fon with recompresefon and onygen therape, the el i~
sheney ol whivh have boer alveady domanatiatods our opinfon ix Tinal 1y baned
malonly v clinfeal appreciatfon,

T n peneral way, the ol {eleney o ot Teant the fnavaaty ol a thetapy
should have Bren demonstented, befare ceconmendal ton,

Phu e o planma wxpandet n En order Lo resbante blosd sadape il ndepos
clireulat ton ba Uhe ootV i owsraly apreml on,

tttavennus olunbon shoudd be wearted an woen ax posatde, fin the vame
time Chan isabar fe anypgennt Ton dutfng ovacudt ion {owarde an Hypot bt Lo Thetapy
Condtey o cont faned doebng bepeeharie tvhetapy,

Tow wltlcfeney ot demennl s ated by animal experioentas Oecontly £ WETEE aid
Al TN fntak s cither ol ctieralbebie kobutes (0 get Db bdbed ol ol mi e
misleeabar wetubes Dt Fpand yesealabltaliad miebov tiewiad g ad o batter wiy,
arsoe panbed with tecorprenwion telneh oeonet et oo best alene on Lt egatald

Erehman Uhetapy, the abvancapies of the diltetent solates, sl fhe s hrobelos
WY b Enbuaian are dlsounned,

Fo oseme authoen, pdor futasron of Kimger Tactate v prateable (Hsik,
PPy e ometds e 0ol R o we L2 onn Tt atader e ol a tastet T ng
al the wameubar bed CCHEROURL 19280 Dt this wodule sdors gt sday o oot e
ticbhe Civalatnen

Tt van solntes atw prefe)ted by et povrt Lann. thenr Bigh ancot s praw
SOl TR Bl denidyet b, due G planmat Lo Leabage abd vaberstiiial vrdema
entuting tuodecompronnbon mrckbneve, WOREIFWIE S, 1 vecnmegietn Ehe e of Lok
Atlates 8 Kot Tos Cate ol e ran,

Phe umee ol oot hoeYde 1a mote dine coneds AL platameologtonl dongpe, Thore
CEL b ceney on caperimetial aning] decomprosaton shokness han ot dnen st e
ted (RATTHE ot vodode T hoavy Reconmdary el becbn canet Ieomghe bed, s
Pl e sy bl Ieen exldsaromt eacbonively T prevent vee Phetaps . Teon 1
Flusy Base been s o nd e Lo theet eaathie plootes Cive e Gl e o Hluda
wnoria, e use of vt foeTds docg geed meem te be just b e

Ameagg b Eplabelot drapey Aspiorn g Tarpicby sommb, wveen b the o d by
e phabe fol gl Toes 600 i ahee wipan s v en sk nean ban oot Bes o et el
Bt MR 019 90 hra toeest by et bate el 00a0 Tty joed s AP en
Ado v niaz bt tun prevenpx Che e wion pwibte et platelet dyvep, snd ctber e
Lepte g fnai g 0% foonn ki B T teamne of yhedaatibnl, franenminase s aad 1ty
vebaden o are bese Char cobpdted U e ool cantrels Howeve e, Avpinn dey s
ol aeduer v vt Dlenee ol apcompioregon tickbenn,

Wipsdamel (Petaantin ¥1 B v beat aetinm, ok mas adggeet thal ARELTS
Wby et an ottt hee aiiam, whe boaondbl Beoa dic beake an praktapiandin aysthinte
San Ak been coente d by WEEE ace ad L PEE L whe evadenn s sl phebiet i
wEr el el Indor sty o plan T deanait altet dreompieesiow sp opeean 10 dege

O Ul e bAnd, o TEesE el e e e 0hn B el et anut e bl pned
b Aty en the fetam ot Tntraviaeats vndaeton b Pysine et
WHFIEWILS =T et Q1SR whary at it o mainly o Tyid pondue e b gt tut e
Ay bl ast s w et alating g halece coamtne
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3 llli' ather ant " teder drogs, we abesonstraled aartmel ces 1hat Niaoee -
iiean N ok e ant apategat Tng d1ug,  TeRKRBS dedaipt et
Pduced platelet wiep, when fnpected preventivels in aniomls,

»olin (s

The vasoditatating actlon of vhis dewg, added to {ta ant laggregat e (et
should wake Tt ta be Listed g Che drugs proponed,

Up to nowy anly Aspivin i o be tecomnended

= The wve ot antivoagulants theparind ix more aml more dosensned o oven t
they we certainly active,

HALLENBECK'S C1979), PALMER'S (1927) aml WOIKIEWIEZ'S (1H/9) siud{es
domonst bat fag the fiportanses of spinal coed haomorthipes, ahould rend hopa (o
awerd caretnlb when an faslated or combined neorologival syidrome exita,

= Aw ter e vasodd batating drugs ave conearned, oo mew point has come o
vompluty what wo dlvdaly publishnd 4t EUBE'S mest fog {0 Losemboury, {6 Uctaber
%18,

Papoevimentallyy BALLBIE (1M ovidem od the proventive eifect ol terbutalin

= e prateetive uffeet ol dlavepon (Yallum R) ont hyperoxle aeilanien han
boen vxp mnbally demopntrated by BANSER U1929) durbng hyperbaric osvpon theea-
Py ot b ATA but WOTKIRWIEZ who uever unes dinaepam duriog oxygen theeapy at

7 ANy vever oefdenced wvirurun Thin Lakt preonure in probably sufticiently
SIrEetent, aml cortalnly Jesn hazardous,

Fi preventdve wae al dbarepas be therstore s0EED diacumaed.
CONCEIY T 0N

Fow new Cacta 1ag bt reportid ginee the report presented at EBEY weoting
[SIMETLN

Pl doubl on el P beney any inoculty ol vasedflatators, anlbecagubanti,
Wiwh dose cartfvalde and dbaeepam geens most fuportant,

Pho only gt eeent fe on the tee of plakma expanders, ant gpunly Destrat,
and b4 bedner dogies, on the olticfency ot Axplrin,

Rafurutcas will appest [u PHOCKKDLNGS,

e e e

USCOMIKAIUION DICKNWGH [N A COMNBROIAL DIVING JOIVLATTON,
lud. ool

Thage wee many dLfforent propristaty decompransion tablea fi ues th ihe
UK #anter of the Hovth Jea The yart maJority of aumpanies use tablon of
United Gluten Nuvy orlelng Othersn une tablew doerived from Dndepetdent
laboratorinn, or produosd within U conpany  Thaew in conslderable une
certainly an to the teae lnnldenos uf deconjiression wlokiuss wmonsst thu
commarelal divlay popnlation,  Howevoy, many bolleve that the fheldencs n
far highoe bhan Y 2% value frequently quoted tor the UB Havy tablos, We
hiave tried to obialng by means of quonlicnnadsy qulysin, some flen off the
numbars of mon who have sxperlonced deconjiaxaion wicknnsa and to relate the
patturn Lo the types of d{ving thoy have pepformed,  Thia anelystn s tamsnd
upsh Lha apiwern to the fient 200 qumstionnalrun Jueuived Ppom diveps who
prowentod thamde [ven Fop mbd lead wxambnatbon for fltnnen to dive ty U UK,
tretor,

Y OLLINN
Houllsr Diving Humwnreh Paetlity, London, Engiad ""

The munn wge of' the whele population atud el win Vol yis b6l Thi
pujpuiation sum divided Into aubsgeonis, aceamiibg to the divers exprisnen of
ALCPwennt modem of Aiving, 14 waw Poand Bhal bhe groug who bl poyFormied
aly Alving only, without anrface decomproasion, Yurmed the vounkont proug
MILD A menn e of 080 yea 8 G D G W@ g whepans thone with oxyetnt bum
waparlaned warn tho oldent w0t menn g of W b b, 1 dlvern
wors heludsd Lh LHAR DIatter group,  Ho wighifioant oersrenens wern Foun
Bakuaoh any uf' this Ribugroups Hith reh ect fo ysara of wepitienes an a
aommereinl Alver,  Lh oo andlyRin of Lhe uxy<hinllim wxpsplonesd mong we oo
relation wun Found tebwenn mawimam dopbh achioved durdie Lol eapany npl
thlp age or numbar of yoarn ak n peolossbone e dlver,

Of the 5 dlvern who had performed ale diving only, wilhont nifaen
dacomptaaslon, only ons had expoerionemi dovompresnion, n nulansous mapd fenta-
tlon,  In oA group who had performed alr dlving only, but wibh surface
denompresnlon peocaduren, (neédd), 21 nat autfered decompresaion sicknens,
Tha |llf‘flr«nnn bndwann the Ryrfaee dovomprose fon group nnd e nonamrel ws
dmsumprest ' oh group 1 algnificant, p 5, R of the mon 40 the foprwer
sroup had naperisnosd akin binda, 0 eapartad Linb bordey 11 paportod fnlegle
and Umen aadd that thary W suffeged Type 2 decompeesnion aloknoas,

172 mon mtuddord hagt porfopmnd withee ory<hs 1ium fvonpeo? diving or
anturation diving, A1 of thens dlvepn popopted heving il decomprasaton
aloknaas, of whilch 6% ware b Uavln,  The Ineldden wan copmlatod with
maximin drpth an) their commonont diviiu dapth, The daln La shown lwlow,

Tkt Lo Melxtdonanlp totwewn maximm Aapth amd thcidanes off Dol of any Rimd,

Unalh Hatue Sn} Habar, of wny Runbap with 1z b4
A1 e U0 o ’ T
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'Pj'l L Helntlonship betiwesn commonnat diving dapth and history of Xt
] ‘!ﬁ? axy-hellum group of divers,

Dol fwwe () busberoCaen  Husber with pof
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e 1hy " W
l’]li - th) 1 "

Thers 10 u gond corrsiation with maximum 4npth bt no alend fieant copre
relation with commonsat tapth,
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A s b owe ccIne sl of (e owanter o Lyvpe 0 tend® exgpertom ot 1y i

Thee men st Howan Fonnd that AR gl het enprel e clei Fleant iy win, ;

vhthor thede e or the pumbor of ceare of »xperlense an o opectesnbon

Abvers A staly of Ahe altan of londs showod that Inoall proupn the g )
it of Lhe body wan mora affectmt than the lower, and alse that the ripeht N
aldn of the body wnn more commonly af'feeted than the teft,

Of the 192 mixod snn divees, 6o had oxperlenemd Gige los (00 aml of !
this group PR adnitting to not rleays reperting thom,  The above posuite
huggost that the numlay of man skperienedng docomppuoa)on sloknesk in the BR M
Sactor of the Horth Yea In greator Lhan one would have axpectod from the o

reportod Incidence of dacompromslon sicknass on the U5, lavy tablos,

I purtieular, supface Aovompreanlon appeaen to earry oo slgnitteant iy
ihepunsad tlak of docomprassion slokneks, The coreelation between the g
raported maximum depth dived wul the history of having wapertoneml
denomprarnion siokuskn supirts b thoory that the Dnetdanes of decomprosston
nicknean thorvases with the depth of the dive, The Iigh lneldonon of men whe
consistontly do not report minor aanilemtationn of decompresnlon nicknors,
apgoats thal petrenpngtive analysss of docomprosnion lugs may yiold an
artittelntsy low ffaurn for the teae {noidonen of decomprension sieknenn, v
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AN FVALUATION 01 CARDD 'PULMOMARY RESUSCHIATION TECHALNCTS FOR USE IN

A DBIVING BELL, Ruy Myersy "l and Mark by Bepdiey, D Hagvland
tiwt Btute tor Foergency Medioal Servivew, Undversity ol Yarvloml,
Balemore, Havyland U5 A Raval Med Lodl Renontel st fate, Nothenila, :
Magvland 88, E

Dvern who Lowe conme louswnuss while oparating ont of s diving hell b
vequiTe tewoue amd reMudeitatton,  the el wtaw ab these bel e and the B
cotth Suratdon ot the bell dntwrloly with (EH skirt aud contur hatody,
powe mpecdal prablemn {n deldver by cacdlooulgonney pesunc{tat lon (P, , A
Becaune of Vhose vond it bons tn the bell 18 s dnposslble 1o plaee the ¥
uneonm faur diver tn the suplie pos it fou ununllv o wned ot cRRG

A commere bl div iy company has dev Ened an operat fonal el that
(% propuzted 1o be eitective fn the resunc itntion ol a dlvetr who in
tetvioved dnto aobnl by Heviow af Pl schma sisde we wednun v douit b -
[Lh wffoctivenuns, Thebetore, we svalualod Che diving campany mit hod .I
together with othar CFR procrdutes that might Tw sl 1o the bell, it

METHODE ANS MATERIALN

The sltpet dvennas ol two groups o3 dd e lbard s st ing aw
rosuncitators ond ehe meghaoteal R ayntom webn evalualed s The et A
proup ut romvrrititors wnn compr lssd of thrge (PR farbra forag vlio wory .
Nighly exporienced with reaunottat lon proveduren,  The wocond srong o
vortadnted of Tlhve dudividudin Wl il caco fved CPROfobrw Hsn and y
certit leat tone tivers havimt vacent PR tealoiog might he coundderal to "y
have wrulvadent capnbl ity to the wevoid group)  Lostlvy we eviluated o R
gitnedd fven CPROmeline . which delivers bath cauprasedon amd vent U o,

o tewt the ol tloaey ot CPE mebhode, we v lovel twe srdedn, Hae ! i
VML wi o tocovding mssnwgdn waed Lot tealuiog ol bdandn Inoore
thowusni«Annot  Loedral MedSoa) Cobpopatfond o vtk ihin deviie we '
tanread ) the camperss lon preriure, bEotie focatfons wWhore Che ]
vonprenston prewsure wan appl fady ¢} Uie Eidal vale o onehibeved dur ine
vent Hatfong and 0 the durat fon ol ettect teely nuntadinnd (PR the 13
wocend phuase cf o the wtudy sapioved Drmeh human cidaver s batore autopmy, |
W kel the adeqiae e of cardbn compressfon by monfbar g codlal
arter(al Blosl pressuree the cndaver s vere vont bt by maohine with O
vanmtant, appropr batoe tidel valumes, AL proced rew o Vhe cadaveis
it Toth wltle and sithout st bend ant Dxloe b brmisir e Jhe tad i a) g
ant lalwe ko Lrouset s wimalalod Lo some deetee (o L bsisand conf 1ad s e [
retarn Ahat wenld coont duplup fmssen o T water P

Sy cominat o ol b boe b pos i fene oml pesga Tealden Tecbn e d
8
wote abwlfod:

Py Subifect sapbue enoa ee bl wlth Ve pesasitaten vresiding
Compr ok don Al vent Elat fon T ion abuve,

By Subibes Coupt Bitht swlth the ik oagalnat g Pl st e aml comp
bt inteted b hand Toovhest wle thae sunam [ e dn foenl b e qak

1 SubfecUoapright w el compresabon adninisterat by pud Llng Vhe salide t'
chent snte U head of tha rasuscliator,

A0 ket uprieht vith compransinog admintntered by ookl ing e mibtec ity
Vel A inat the kobs of Lhe resuse featoy

S fubiect upedgbt vith the hack aabnal o Lt s baoe amd compreosdon
wdnfndstored by pushilog agafant the wubie e chest with the sesmn ftater ' )
kniw,

B subfect upelplt with the resim ftetor standing bebbnd the wabieor,
woik Hioeid the sahiect and Ciet compessbog the wublect ' heat e mod B el

lastml i eh maneuverd . . \
KEAULIS ANE DERCPRSTONR : i
Huniguin Subjircia 3

Plhia et ledoney datn of the (P instrm bore with thae pemuretial fon
maniegubn b the Aapine and upt fphil poatt fons wiih vat Lous sename §(at Lo,
twchnlguea (o grenent al 4n Jable 1o The ol biciency datw for che CF0 cprt U el
renupcliatore In glven fo fahle 0,

Hith the muhbact Gy the supdtis poaltdon, the (ot e totw wit e aory
conatarent o providiog nlequate vend flat ton and preasvre penvtar los and alae
Toua doteriorat on fo parfarmanca ovnr tdme, saper fally attet 18 minates Tl
wlapasd,

T wlt of the uptight powttloam, aderpunte ventilatdon wan vots dit Lot
oo whievr e nune we L 1o bypeyvextand the sobiect s hemd Lo malntnln An eue

atvway.  The pAWEd onlbar of 41 tng campany dondpn A1 not proshe s adguatse

Rugptin.sumlon, e bave Thatetory duvebopmd 4 colbns o0 Qi fernat deadpn, whio 1 © 3

Al vt uph hypetextenyion ta alepudte)e ventilate the aubiect {o the [

apriRk Eowifo, 5
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Taes Ehe e 0 fed Nedmd foh Cevhintque (06 wan Teast (lrdng fet Che peduncitatar bt
TR ::-: L:f.'..,'.'uﬂl' ™ was gpenetalls fuettm tive dn genatating adeguate conpreanlon,  lecbnlque (051,
With The mannequin seated with (85 back against a Civm wiriace and cwnt
compronasion adintnintered by pushing with the vususe lator's knee, wan
1aty o acvppiatle,

. NIRRT

.
PR

I seepronten
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8 A H T,
1 o e I et
2( O Ladigver Subjecta
'{, e - - ) ' . Thee renulte obtnined by tunttor th various vheet compreanton techntgues
% . “ e o supbne and upeighit husan cadavers generably aobrtantintod the ind tapw {rom
y o tho manuwgulo phaen O the wtudyve Anading the supfun porit bon proved to e G
ﬁ Lt 1 hont tor providing adequits blood prossure of 160/44, With Ui aubjoct in the
q.: L e o . v MPLERNE poaltion, the met mont efTect tve teehnlpue dopondod on the 1elat (ve
i wlaw ol both the victim and the resuncitator, R the venuscitator van Targer
3 i Uhatt the wabject, cumpreusion of the eodavar's chont from boblml (s mod{jul
3 e e Hodml feh minsuver) remuited In adeguate artersal bload prassire (1207700 aud
it D i - . ' Uhe dennt Tatigue to the fonune ftator, Howeeor, when the nublect O ki ee witk
4 e J O or [ Ree thn that of the vanuseftator Ui kise-vhent pandtion wax hore
K sitective amd & blond prowsare of 190/0 was produced,  With thin telinigoe, the
b Eytye . . UM ELRL O A ks comprenass the subjueet'n vhoat, while {he Wb ject 1a
. ) ' TR . oo Hilppet bl by Che rowuneLtator s hand on the shoud deps and the back fn apatine o
Vare L hpar ot Tiem wapports I vqunl oF bieger kiead wiblocts the modd  fod doimidel maneuvor
p producsd a hlond pressurs of 3070, which I unkeceptablie, Attempta to pertorm .

CHure comprednlon o A fresly suspendud uprlght radgver (aw in & maluty diving
hatnenrs) by pulling Uie ¢host ot The renuse TEALAF s knaie or hesd v rapldiy
wobubunt (g (oo T twa minatun) and produced an o weat bl tory artertal hlom
WEEY @ enploenfai rasante of P30 lha oo b epbfonal, b0 VT IEY aienpt #hge, el proaunure ol 4050710,

MO gy

Actn Ll ow

IR EHF T
The usn ol medfedl ot (ahoek Crouwers produced o elevatan of keatol e s

Bluwd promeite ahunt 24 min g abeve syitoble hblood n evante wvhets Cronmet i vere

e umeds Novertholowny theft une did not aubstantinily fnereme artorfal

¥ i o AN Whaod premsre (o accoptable Lovelw (o the upright pusition,
) .
g BTN It e 10 e Pl lve o gua-drtven ¢ maehloe, whieh dellvere hotl comp) snnian aml
L Srawme 1401w 14 bty 0 1 ventflatdong win wvaluated o the mabboguln sl cndavers fn e sl aqd
4 YRt okt tionec For wabacts in the vrect o0t poB it lon, the dovies
i o " " N , Provided adequnt e and ovan compeonslon i vont LAt fon and eoquived Y10l '
; by eapend Lpaen Trom the Dt bwidual dofop the Feaee bt Lo,
¢ , o . " I mwwn vy we have tound that the collne s developed by Lhe diviug
: cOmpAny i ot adequitede heparegtond the ead (o the magonegute (ool aly
. ab opel alrwny, oml sy we fonnd that the head/kinee- Lo -cheny rosuaseEat fon
. . . . ; Ceeln by ddvicgiod by the dIving compiny producen proskly {nadequate comprennton
i e Pronun and vaptdly wxbauntn Uhe resuacitaton, Fhtndly, eouune ol fan canget
,\ e prrtopmmd with (e sulijeeg nunpetded Wy o hanmme ot Dhe brek ot the week,
\ o , o . Flan Ve usimg vhither 4 modttfod (ol Loh matodver ne o Puawbiewd U=t o=
n s i Againnl Chest Ceelitnbgae, W tive whoen 1hat margimtly ol irtaclosy tamane e fag
3 i b pevtotoud Tor lvoet purlodn with the nubfect fn the sltt Tap pusnid Loy,
N . , o . - Thin fnding Tondn un to cecommnd Pt b font doan to bell Sntetinks be
[T STt undertakon e Ehal manug )l benaeeteat lon can b dobo Ly the Muptun Rl L, Aw
g an allermat tvey bolle could bu outtIEed with o gem-dr v mochiniea
v - . . " vardlapulnosary vosine bater o he unml wlth the mabiect bo a0 ssatod oostl o
‘. with o havkhoard,
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MOLECULAR AND CELLULAR SESSION XV 1
EFFECTS OF HYDROSTATIC PRESSURE o
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MOLECULAR AND CELLULAR
EFFECTS OF HYDROSTATIC PRESSURE

The prediminary oxparimency ahawwl thet the vella whith were wred foe -
rioun culturex did noe change undue hyporbarie conditionn, Tha affects of "per
sn! Bydrostatle prowsure and/or hyperbaric beert gacen (He, N3) vers therefore
due to & direct damaging of (e virus developsent,

Wirh respect to the Echo 31 vlrus, rhore was tor sach prociure value a 1i=
r relation hetweon the logaritha of virus tibration and the fnverss ratio ol
polute tomperaturd, Thin relation lusds ux ta comslder that cuv kivutics of
virun maltiplication acu the rosnlt of 4 hiologleal procuas which woeyn the same
Tav as chvmbcal klneties (JDHNSON and EYRING, 197D), Acevording to this Interpte-
tation, the effett of pressura on virue davalopmnt appears in the plov
log (titratton) » 4, C1/T) ¢ & an « chatge In abope A and ordinatn at the wrigie
B, dlenco weveral hypochusas can be wuggented o

1) Pevasury may modify the nature uf tha chemleal reaetlon Uiniting the
virus wynthealn,

2) Fraamure may modify the scrueturs of one or suveral siementw tn the 1~
alting chumien) ruaction (substratum, ensymws - rupllcane, polypeptidamy, phor-
phorylane = avtivated complend,

1) v additlon, pressure tay aliar & stoecural compound of the vivus (enp-
ald proteding ouclaie acldyd

&) Nyperbarie fnort gas prowmuee (8, o) modifiue thy atructure of the vi-
tus conpoundn by A apeakile action which in sowe <asen antagoniees the wpaeitie
acthon of "por se" liydeostatle prowsae, Mhe affects of lnerk ganen my be rola-
tod to the amnmt ot dizeslved gay atoced wlehin the virus straeturen und thule
conspquent stfoct on vire develapnent dopends upen the complitity of the virus
(aiar, nimber of macvomsleculon).

hy Although the hoat vudle appearsd morplolapicntly undamaged aftor - b
prasnfon, funcrional changes say deyodop under prossurbvatlon, LANDAU (19773
demonstrated ehuangos bn the protein aynthwels -sidue hydrostatic prossire, fo,
the synthenls of aceeforon da varioun viral proteine may bu mod{f led andor
hyperbaric eomtitionn.

The prosent bnventipatbon and vead ta e b orcordater sdth Phe peeviony
cgiumnctd me, Mopeover, the pestite may take on applied fntervst bocsme (1 ls
fepretant o know the rlabe bnvolved ad the cesiutton of vival dbseane doyfug
pratonped lunan saturation diver,
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FolnfLTRTU [ NOMAR oY Inencr e, b Gl gy S bangy By Ay M tn
Y Poustwd 33 gnd b by Hong, . Lkl

fhee ape V060 wie af the foveutigatfon desoethed boee wan to evabin o bhe
cHlo b o moderate hpdrast At Joragygens on end by pumpisng,  Na=b =AM gy
A tivity g alycolys i and thee tonnan eqgf D ton o8 thg The hgeat onytbem ghe gy
A e,

oo Sadbom Thnhpar i At tye Al passive wodtue teangort was s tudied at
pressyros” sana by Frun 1A ATA, I fef Ty Lhe gapiriewnl s wern portormed sy
to)lows B pey theooubes were Dnegbated i O o washied and sospendog 1
A tracoratree midlum, e sarpengton way placed feon oyl inder with ne gay
phaun, oo sl ol the ryDtnder constytod of sovahle pinbor aml peessun e way
fransmf Ul to the supenston via Wiy piston durinn sioghatbor tnoa hypes
barte chaedier s At yactogs Hes the prostues was eeleaned and an al bt of the
susponsion was sampded,  the celda and medium werp sppearatod and (he vadte.
Activity appearion An the vadupe yas soasuepd, 11 ane Snows The total tadlioe
Wy Lty e the sgypenstan gl The vadtoact iy L0y AL poartne s the cnd e at
brown t ey the vate conabant for sofur celeate can b compygled,  hetiyn
and passive nodlure sovorenty can e dis g (Ghed b pertorebng fhe meanuvre-
Moty A Ao progene boAd ahaito koot ogabaig 4 cacdtofiant steintd o whieh
Sebihi by ac Phve andtor bravpor t, o The Tngar fEhe o W Crae tion ol o ta
remgintan (o the o pdd, ) . -;l) ty bt gaginet tiow,
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Tt bl e e el Inothe Creet s beg o sape st ol b wnre allowe
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chashier wan proseur $2ed to LA ALY aod the sodbar relrase was Cedvped ot Thal
prosturn, T vate o pdoaee docVined slegt A0 fppraatealely Moot the
Batab sl veleade a6 b et boe teanapont, b a seeatrl By prtepnt | the o bae.
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Wodiee tranyort was depspaned ol pressute bat cotyene ! teonear ponbral eyl
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rosersthio,  Tlagre 1 oalowy the tnndihttton nf odiye lye ayer P pntbre
preshure can o degted, L A0 ALY e plha b el pragngre W bapetn Lo 1ty e
vory slpepty hetyeen Joand W PN and then reachitaa a platean,  Theyi paglty
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Be iyt vy and s Tess Uhan Thays oneguntend Ly ot dtetie pammaly,
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SFSSION XV

cally determining the amount of phosphate hydrelyzed from AIP during a 10 min
{ncubation, The kinds cf hydrolysis measured ware: first, total hydrolysis
and second, tha amount of hydrolysis that accurrad in the presence of ouahain,
Thit sacond measurement yields Mo-ATPate activity and vepresents nonspecific
AThase activity of the membranes, 1t probably rapresents nonspecific ¢leavage
of ATP iy many enzymas, The difference between total and Mg ATPase activity
can by attributad to the Na-k-ATPase, Figure 2 shows the total, Wg. and Ka-
KeATPase activities as functions of applied pressure, Control ATPase activity
measured at 1 ATA ¢ expressed as 1008, [t shows that total and Mg-ATPase
activities exhibit a biphasic response to pressurey they are both activaled

by low pressure and then return to control or less-thanecontrol levels at
Myher im"w" On the other hand, the Na-K-AThage exhibits a monatonic
activation by pressure, Morecver, the activation of the enzyme has roughly
the same pressure sunsitivity as the inhibitlon of sodium teansport, These
uxperimonts Snd{cate that pressure {nhibition of sodium transport cannot be
attributed to inhibition of the Na-K-ATPase which in fact {x activeted by
pressure, One hypotiwsis {4 that pressure uncouples the Na-K-ATiase and the
vodium pump fn some mannar, Clesrly further experimsntation is nucessary to
prove or disprave this notion,

3. Metabnlismi  The afm of the third series of axperimants was to svaluste
metaboTTim and thus ascertaln 17 the frhibition of transport could he attrib.
uted to decrvased metaholtsn of glucose, In these uxperiments ATh, AW,
gluconn, pyruvate and Tactate were messured in rod cell suspenstons incubsted
2.b haurs at prassures from | to 140 ATA, There was ¢ consistent and stgnify.
cant tncredse {n ATP at al) preswures tested, while ADP Yevels declined, as
might be expuctad,  The ATP/ADP ratio 18 Always greltvr than control at
thereased pressure,  The redox stale, indicatod by the pyridine nuclentide
ratio, gives some indication of the overall state of melabolisie, this ratio
can by computad from the lactic dehydrogomase vyuidibrium, Little or no
change 1 this ratio was ohivrved 4t any pressure Yevel,  this indicates

that no deamatic deviation from norma) stsady state g occurring At pressirs,
(lucose utilization {x uninfiusnced by pressure but lactate production

s diminfshed at vome pressures, [t {v well known that the rate of glycolysis
is depondant on avaflable ADP,  One sourco of ADP §x thal qunerated by Atl
utilization, [urthensore, uhe source of ATR uti) taation s active sadiun
pumping, One possibility fv that lactate production fy reduced brcause of
ducraaned ATE ut{l(zat60n by the pump and therefare deckeased availabil ity

of APy probadly at the uh:\umu‘nyc»rne binase step,  Alrernatively, the
fhcrnave 1n AP may 4llosterically inhibit phosphofructokinase and therefarp
dtminfah the flow of substrate to lactate, 1n any event, it would appesr

that the effocts af pressure on glycelysis are not primary but rather secondary
to an inhibition of active sodium transport,

with vespect to anfoiny Lhcrsfarn, the distribution of Anlon

across the menbrane 18 related un\'y to the concantration and net charge of Lhe
Imprvmeant apeedns inatde the coll,  In the eeythroryte, these are princtpally
hemogiobin and 2,3-DPG,  Thus any alteratinon (h the charge of these molotules,
wtther by hydeogen fon titration, tigand hinding or conformat lonal change will
he divectly reftected {n the disteibution of anfonsy 4.,y a change tn the
Gihbys bonnan equil tbrium,  We determined that b-190 ATM proswure of oithey

N ok He chatqes the equi Hbrium chiorids disteibution vatio (r) progressively
from 0,64 1 00 to RP C 00, nos Ay oo, 0by Thi meany that prossure alters
the net charge on hnlummn\ shiony within the erythroeyte,  This eyt
canhit e wxplatned by prossures indutod alterstions of embreane propertiey
wie 17 48 at squilibrium,  One must then sssume that the charge tas «hangod

4 The (l_l_pllll‘-lyl‘li\l%!\__[m).‘|_ﬁ\_l"_(ym| The veythrocyte 14 i {onaah equid fhefum

as tha resulb of titration (pH), YHgand Dinding, & chanae 10 protetn contormat tan,

or some combination of these eventy,  Although «hatges tn pi may be brought
about by altwration tn metabol {sn :\r{lm‘myu‘ motabot tem 18 velatively
unintluenced by pressurs, |t is Toaely thon that pressure s acting by alters
{ng hwm?luhln cortfomation or Jigand inding, DProssure 5o known to atfect
Tgand bindtnag 0 hanogiobin mlu?mm. Tro addit luh Lo providing fundamental
information about the effoct af pressure on hemogiabin charge the ptfaet of
prevegrn on the anfon disteibution ratio also provides Sntormation regarding
the effoct of pressure on vod celd function, vz Os teansport, A champe in

st e acconpanied by A change toopl {007 dons are Also tn Dobnan pqutl b i),

el ther al a cause or offocty and theretore will fnflepace o dissn i
[t hay been psported that presgure $atluences 0. disso lation in hewglobin

solutions,
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rire 2, Toral, Nat, pfe, and Mgt ATRane avtivitton an A function
of preanure (soe tont for dutatls) The fnterrupled Vine parallel
to the X axin (% the control (100X).  The mesuw of the nunbers of
exporimenty tndieated {0 paventhenen are phone povalues vot-.
ealoutatod unlfhyg the t-tost f(or palred axperimenty,
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LEFECTS OF H1GH INDROYTATIC PRENNURES
LATED 4t bbb ERTTHELLUN oF BKA WATER At
Lt Andrg s .“.', JRACLIEY]

) veralT £y of T Tabu¥atory of Antual ihywlotopy, Litge,
Bed g ium,

When apptlol to {aolated non pertused pitie of wed witwr accdl-

matwd v b ey Tig by hydraetabie prowaure ba o knowa to
Induce (langew b tienve Nooy RO oand €1 contents tPdguwux sud wide
Tony 1977 1 Péaqueua, 1929, I wea watsr (BW) umwd an 0o vrem dn-
enbantion medium, applieation ol pressure wtopn Digher than 250 4tm
haw Anjued hewy stown ta bring about a wevery dnereane of the thae
e Baoand C10 contentw nnd o4 oderoase of R,

Tredinlnary expertmentn done Lo WY have entablinhnd that both
an AnRiwbtlon r Nao wctdbve extrunbon procenken amd an fnepvane o)
the paoanbve Ra’ putrance alvng the voncenteation wragient conttiboe
te to (e prowwure [nduced Inccease of the Uiwwue Ba cnplent (e
que sk, 1924, Howewer, hoth wvents roesultdng ton oo wimbbar rhoal ot
fert ln HW cannot be dinerininated canliy,

The eapreimenta teported dtn this paper wore thurveloate $nitlae
ted dn order to hrdng move fuwdght to the neture ot the shpmty of
e wmiry on the vavloun teanwport procaanes fnvelved dn Nao tiann-
form at wurk in gt apithelium,

fealated g1lbn Fram Kutopean abdvir sels Sooefs 0 oupn oo 1y
Are Vimar el to S8 we e Tnealiated dt dttenphel to prossure and andes
WERM hydtontat b preannrer In a4 presnute vessed dendbpnnd Loogvold
thy prewence wf aby gan phane ¢ wee deacelption and detaila f0 poe-
viown paperer Péqueux (9208 and by Pégueun and Glilen 197700 AL Ul
el ol ftvenbat fon period, @ill filamente were cat ol b the gE1Ing
they wete Wlotted on fE1twr papnr, welghed sl dilid 41 coumtnnd
vel plit 00 an wven ot 11odC for ey welpht meanursmenta, Jnetpani
Tayw wore ontraceed alter trnatment wlth HND 00 IH o A8 houry,
Ha and K deteimioatione wetw done by Plame photometry and 21 con
tent wan watimated with o Bchler-tatinve chloridemeter, Kepnlis
verw wrprotasd o ukgitianus wet welght, Tonn Plunes werre entimated
by myvamnring net chauges of the total tlawur buns eontenta,
Compsarimental analywin and radyanndfum el luxen mpasutementa woin
done on the hawin ool byplesa) wanh nut wapeiimenta ol pleren of u\)ll
tiamus proa-loaded tor 4% minuten In tadinactive saline oot Nat ™t
ity Wemwbls wrre wmpoe meed fno kgl an ke o b semipbhe 1
dlomctivbty of ths tneahat bon mediom,
The wo-called "saline favtonie tu the hlowd™ contained §ro o)
Mot d, b ML KL, ok M/ tath, a b omMZ L Mo bt Pered an pll
It by meann of 16 mHA Trve hafler '

Eapwrimenta catibed out at atmospherdc promaute fn that phiad
wingheal modium vliets the conventtal bon pradisat acvnen spitheliam
10 vonstdatadbly redvesd vr sven aboddatiod, have ahowh the tisaur
watmr and lonw cantent to yemajy conntant for omoere than A0 ming
tas dncubation {(Tabls 1Yo 1o apposbtion to reaulete obiained upen
lovubatpon in By, application of acvive teaneport fnhihitore tibr
onabaln, =40 dinl tropheno) CONPY and snony duea not resuit In
any algndflcant stface (Tahlo 13, 10 can therafurs be teasanahly
conciuded Vhat o dn such vonditions, the arvivity of “pumping” me
ihanlins (v entromely toducod and practioally undvtectibie, tThe
samm hoddw ttue in respact of diffueional wovesents from suviton
went towarde hioed along concentration grasdieny
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Rewulbee ol Table | whov that by bdentbeal fheahation condit lana,
applivatlion ot & pressury step ol 500 abm foduces 4 mean (nerease
ol Cluwae Na' conbuent of aboul 2% thndbvidun) data soned lnow wed
slug U, Concomliantly and despite the ahyenee of detectibie
active components, therve bx oo decrease bn K ocontent {1200 g the
vanlraty, C17 content dden ol appear to he sbpnifleantly soddibed,
Upon decoupresabon, Ba® and K* vontents eve oo sheetved to tee
sute Chale dnttial Teved whithin wore or Texh 10240 minuten whileh
Indivates that prossure dnduced varbatbons ate [ully Tevetsible,

Tu vonuddetatlon ol the comcbunbonn drawn Jrom expetinents
dune &l Atmoepheric prewsure, presaure bnduced jacieane 16 Na
content can he tenwonably aweribed paxentbabdy (0 an eflect on Na'
paswive permeabd Pty This Un morvovrr 40 full avtevment wlth the
Fenultn ubitabned by bnodbutdopg pilin o Nat=leen wea water (o
Guewny 1929, he L o wleo with Lhe dvpsp o l“fl“' k' canient
which vecurs at o0 atm when the anppenvd Ha® /R coupled trans-
port Ix consbdeted ax bolng el lectlows 0 to nov, Lhat ques:
Vlow ot the BY movementa S bar brom hedng sslvod even af almose
ploebe prensuiv. Aveardiug to Bedlamy C1OR0), dhe gl wpithed fun
to tlittle permvable to K'Y bonas O the nthel hawd, « EY 1wk o
the aurrounding wedium seversdy dinturbn Lhe malnteosnee ol fhe
Blood Ha® hadams e tMarte, 19041 Rawbva aod 00 Lda, 1968, thay K
futw way by fnvelved 0 actbve oroldnge ploconaok againstl Ke' no
prarn therelore an yery [ikely but the fwpotiance and the vnact
wodabbtiow of the proredute temabn G he vwtablinhed, AL this wtip
of investipation oo prensure cfbeetn and o connidetaf lon ol Uhe
oxubtn prenentod fn o ghbs papety ot thun avimn te be om Yenkona
Ble to conwider that Bigh proewentta wo b Bie onbanybuy (he sl
vt priwpabi ity b that view, 10 bw wor il nsrioing that venodu
wive wvidubers conceintig the prok-ute setnitivity of b puaniva
movemett e ave ven chtatned with haman ded bieod celle mere oo
madbile beowpetbmentat bon et poesaure. 00 han [ndera been e
monalvated gl the net ¥ et Uhban Tron homan eovyibhteoylen vunen
Phally ta e vonsidored an pastive, tnatoxxes podb Iy but olioat
Pineardsy with the prewsinre ant vl tao oo afm, whide aboye that
Prennule banpe, a0 vty pronngoced fucrearr bu o wehbbane FOopeyweg
DETEUY vovarn OFGquear b B Trn PELwat and Sl Toabu  L9Re g
mann, Py lwat Pagavan aml Ll Tpn, Lvba),

PEothe renultw prenented bn table | owwppeat that aeChve Phalw
gt activity falln to neplectdble valuea whea plidn are tiaun
terrewd Thto phywbolopionl mediam, They alue suppest Chat passice
Arfnwton Crom sutaide Towarda tody (luidy bo vedy Jovw Tou.s Thia
--u‘nlﬂ by compated te o ohwkerowil-ne dane by Matagn o o L cl%bh that
Na' o 017 Antlun b anwtantaneonkly peduwiod tu overy low lov b
when aea waled acobimated Thabes are suddenbs toannbaroed fnw
Flon! watme Pioovle o Tt cawe s Mebtars o0 oL tiUAE s puterpreted
wuch Pl veadpontment s fo tepue o the puxaible vovnttence ol
L T I T T A W AT FE TR TP

Tnvesrt bt Sonn o Che obdbec e ol preasure o cachaner diffa
Nron appeats ax aAbmost pmpeanibbe withent The hedbo el baetapis
traerta. I constderatbon of thy dibbionlty o oltalu o fanctiv
nal pevtunmil preparatfon of Fisl bwalated pll), (utthermersy auw
veptinde to vork under prewgpee, 0t hwa beea o predetted teoatspd
the vash ot methed of o Ha’ e Loaded et o b Vv 1o g
PUOUliA) plesants teclnboa an owek.
By that methed, theew compartment s renpectiveiv Ay Boanl v bave
besn Adentifled o w0 bbn Tnoubuted at atweaphe e pyennure b bae
tonfr o watine clable Sy toppartment N haw bewn coarldervid osr oot
teapanding 1o the Ha? Practbon conbabned Juovelbe ep it fun wh
be A and U rpapertively to the outafde Tacing sxtoncelhelal wpaes
and ta the body flulus tr A
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The witects ol 0% minuteas prvssurs applicat bon on Nadh gy
Tluk Bave been faventigatod afyor I‘j minuten pre-washing In order
to avald any TntetForence duv Lo No'" (ram compariment Ao Proswuve
effeets wore vyalualed by comparing lonn content aud radlonodivm
vontenl of JULL epbthelbum betore and after prewaues application,

Kewuddn ol table v owhow o wbbght but uet vel wignitieant dn-

vivase b Ulwaue Ba' content mrawutred by thame photamed vy ba o pills
wobwlLtwd Lo hou atm, Concomilontdy Cherw by s caddonetdve No!
Fomadtlog I compressad piils than fn vontrole bucubated ab atmos
pher e prewaury and appebllle tadioncl bvity In vomprosned gfbin
apprats an sLanEdbvanl by Tuwor €001« ru a8y,
On the wther hnmdy, moch mobs codfuacrtivivy haw appentod In ovnowe
Batfon madvum ambvr prosstie Lhan AL atwonpherfe prenwure, By con
potlwon with conloel data, Ratd wiilux Indopd toeteaned o) aboul
Yaul at %00 alw

Avvording to obxwrvattosn and coneluslonn veported above,
the poxntbiiity of 4 pruaaure bndueed fneresne of aetive Na® oi-
flun vannot be corwbderede Sueh an witwet whonld fnduce o decren
s i Liwaun Na® content by opporitlon ta whal uecurn aid, mors -
YR preakuEs ktepn of that mugnitude are koowa Lo diyvectly bnhi-
WL aelive trannpere provesses tregueue, 19791 Pequoux aud ilites,
PREE=19783 0 10 bw thetolore moke tedwanable by conklder thar the
ohaerved deveeans of radbosedivm et bun wbthout concomltant do-
crodnd of vlaaue N ocontert rufleets o prexsutre (nduced stimila
Lol of exvhange-dittundon procwnsen Nat=Rat. Ax fuiveaned on-
chane-ditiuslon Haf-tat doow bt tenult In sy et vardbatbon ol
thanue Na® voutrnty the presaure dnduced inevease of Ciwnup Ha?
cuntent cliue appeare efTuetively an swnetit [olly dus to oan witec!
|‘||(\ :I'w Na® pagwive ditdunion feam Tha wnvlronmesl towards body

Al

When frobated glI0e are tovdbatod under presaute (o seu
watoty, it bs thuy veyy Likedy that, o wdditjon tn huth inhi-
Wit han wl the Noo pump and enhancement of Na parnfve peemeabi-
TPty contelutbng tu proswure tndured chanpes vl tinsue Nat can-
tunt deparied duoprevioue papeta trRquein snd Gl e L9 PEgieus
lormyy waelnnge Al H{uslog Na “Na' wust Be opreasure Artivated toa
sl huugh b0 dues oot orexudt bt et varbation ol tienue Hat. bape:
fimentn with twotopie Pracern ate under fnventigativi In ovder to
Lewi that hypolbesis,
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Neaults preqented in this paper alsn snvrohoraty the fdes
thal prewnuiw acon dittrrently and selectively on Noooaund td
tranapurts in apterment wilh vlaervatbons repottud previnnaly ams
mubasguent cowsburiona on the relatfonahips hbndiug both mecha

whame CPbqueun And A B en, 19000 Paquenn, TP Reaultr of tabile

boindesd show that tisane L1 canludal 1amat unattected by
Wotr proasure application. that ahapevatbon vhviously daes pol
Ymplivate that Al pesaiDble compenents of 01 Lranepetia ate in
aennbtbve Lo proaniss. baprramenta angne sadleathive 11 ate nny
cAatrbed ant Ah o erder te Lrdng mere buadpnt te thal guenton.

Wy now om g b0 b o irar thal byiltextatye prensupe alipta the

tunrtpbonndng o hlolopl. a) meatranss by modifytng selrottvely
thele propeeties of pasnive and a-thve fons franapoard in s way
depend lug ol the mawnltude of the (ppited prewanie
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At the preasnt vimes Fittde can st 311 be onaid das 1o Uhe mete
colar anpret ol prexrur e fnduced disturbatces but several vvidyn
cesw oprampt our to o expladn wuel ol fectn B tarme of pliane Crankd -
thons In the Liptdic compenents ol the menbrane sfdecting the «an
torimation ot the woz-me protelns awsocbated with the active pro-
crrpen And ol the pathwayn specbi?eally dnvalved o puewlye vond
iraneporie,.

Tt appeavs aw evident that knowledge of bow hvdroktoloe pros
wute altucts mambrane procesres Jx A Tundament s probiem o bjo-
Togy of wardne veganiama and in vunential te a thurough understane
dlng vl underwater physdology, Aceorvding tu that view, investipa-
Ciouw an the wifectn of hydrontalie prewwure on fopk teanapnoy
aerose Dhnt gdal epitheliun might contribute el thclently to dove:
Toptient o0 undersvd Wlonedical seloncon,

Betopuneen will oppear (h PROCEEDINGS,
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Action 1o mbout €219, and 41 2.0 ml/wel reapectively By comparing values ol

WY For thewe nunscovalent boids and the &% values wetaled with the

pendng of the wodtum snd potkeslum chimne in, I wor e appear that opestop ol
thu putasebum eistnel 4e audocfated withee with the b vakdown of sbout 7 tw

N hydrogun boide or the formstlon of sbout ¢ tonle busds or hydrophobic
tnturnclionw,  Nimilacly the opening of the sodium channel seems tu {nvalve
withue broakduws ot 5 ta b hydrogen bunde or Formatbon uf 3 to 2 (onle bonde or
hydrophobte Anlaractland,  Stnee prossurization will aftect the rate of any
vhemical veactlon which ttnelf tnvolves n volume change, Living ayntems which
are subjuctod to Wgh hydrostatic provsures can by supscted to vxperiance
altered vatew ol function, The remults pressnted hore demnstrate both the
unnfulnewe of unbng the witered state of prownuee to study bante membitwie
reactlone and the typew of  dyslunct lon which pan tw produeed by thin varishle.
Changos {n memhraoe kinetien such an are described here may prove to he a signi-
Teaml fuctoe n the vt ology of cortaln prunsurs velaled nodleal problem
MuCll AR secnr L e HEgh Prexstre Hervous Syl fabe,
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TRANS IENT VERSUS STRADY STATE FFFECTY OF NG DYDROSTATIC

PRESSURK . N, by W AUy Mocgonsid, Ag A, lisroes nod
Mo by da Aphlopds Depty of Physiodogy . Moriachnl Colivge,
Unitvern bty of Abordoeon, Abnialovn, ABY 1AS, 11K,

Tho wrfeets ot high hydrostetic pressire on the electricnl
wetbvity of o vardoty of exodtnble tismune hive boen dosesribml
{wus Wiyl i Macdonnld, 1979), fn thikw papor we draw atiention
tu the fact that g many of those experlossts proviously desceibivd,
prosaure s probubly affooting vuriour volbulur weidviilon
Al teneoualy 81l ute nor conseguenee oF Wik s that the
cullts eluotrieul poupunne Lo prassute e oot w simple one, In
particulur we winh to distinguisah botwooin the Leansisnt and
stepdy-ptnto affectn ul' prospurue, Peawsirrinat fon alan proiuvan
sl translent tomperature changos {~10C) tn 1he sxporiments to
bo dwner thod, Mivwe vomplicute the intorpestation ol wny
teunuiont ohunges o vlectvdiend setivilty praducsd by hilgh
prosaure, apd wre therefors discussml whote rolovand,

the wrutdbes altavunned hovo bave boon peefommmt wilh iy yiiio
preparalions, Mt of the date live bosn obtalied s gt neurones
of the subuexopliigien b gongllonie mas ol Che wiso bl (||-||| %umm
ur syt but we ke deseriie vapsetinents eecording minknture
und—piulu outrrents (Hl‘ll‘(-‘") From Ui wrertorine siseds ol the Frog
Ry L N up |'|||‘| g‘ OUP metieie Bave e dosethed
ninuwliers lamm vl ). fall of e siudion hydrosiat e
prossure wis usud (the comprossion mdiom wity Tight mineral uil)
Ml The Cumprous Lon fate wisk uminetly 5o jo N ateps apped bl
6l Five minile tntorvidn o 101+ LOOR 02 u\-ul\-)' [ R TN
I Pow expor it o Vemng? cmpeoaston to 100« 10N = e
five miniten wan wmplaywl,

Rusil Ly

Nydevatalic prossure producos s bkwl chnbgges i the
vlovtrlent charnetorissles ol ix gnnation vulle, el The
pressire ralge i« 10N e dupabntband bon ol v coneumil nnt
voduet fon dn inputl Pealstabooe gea ohpervid, Whnt tw wdditionally
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MOLECULAR AND CELLULAR
EFFECTS OF HYDROSTATIC PRESSURE
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SESSION XV MOLECULAR AND CELLULA

EFFECTS OF HYDROSTATIC PRESSURE

Initialey AchR merbrane coopennionn were exponed to up 1o 100 K14 gt
helium at 29 € for an bour, stoviv decompresasd and Tinally the AchR concentras
tion Anwaved,  Thia tpaatment had pe pffucr dhowing any pfta s of pressure
to be peveraible,  Newl Achil wan pre-mided with either teitiated acetylebalive
or d-tubacurarine under conditions where about half the receptors wvere arcupied post-aynaptic methrane duen aesr to provide a model of the {n vive cheervation
by ligand. Helium preswurces of up to 300 ATA progresalvely docteased the of preusure raverdal, Detailed reaulta can he obtainad and “mechaiiome vealo-
propurtion nf receptor necupied by slther the agoniat or ancagoniat, The aled, The methodology du directlv applicable to othier neurotranamitter Nvntene
caune of this decrasas could "¢ aither loas of receptor sitan or a reduetion and shuuld be useful In elucidating the aotiology of the high preaaure nervaus

These wgente appoar to act on the atou phane af the bhinding kinet {en amt
thin distinguiniies (he trom pransurs, which prebably acts o the last phase,
Valat{le agents hiock the permeability yesponae san-competitively and prelimi
nary results suguest chis block in relioved by hellum prossures Thue the

in affinity, that {s an focrears Munciqtﬂm\ ronatant , Kl. Aecordiugly, nyntam,

Achi wan oquilibrated with a wide range of ||l]-|cq\tylr|mlh|& concentrat fons

a0 that complete binding curves at constant prassure could he ohtained, K
At % ATA hal{um the binding deviatad from mass getdon In the divaction of b
ponitive co-sperativityy HI11 analyain yisided a conificient of 1,5, Determina- i

tion of the hinding curve at 275 ATA of helium did not significantly chanye !
this vatum, but the X, Incressed from 15nM at & ATA to 71N at 273 ATA,
The HilY plata of thlﬂ data are shown in [igure 1, Thermodynamic anslysin .
sugpents that this ia aquivalent to an apparent volume change of about =W k
wl/mule, Thll‘vnluo should b {nturpreted With vaution, however, as the
kinetive ol “{H]-acstyleholine binding are biphasic, A Taat initlal phane
corvesponding to dcatylelniine binding {n complated within aecondw, whilse

a alover second phaae taken minutes and {0 caused by & slow confurmat lon Q8

change of the revsptor, Unfortunately, the fast phase cannot be stodied i Contiol

At presaure yat hecduse oue mixing time {8 too long, Howeyer, pretimloary o
enperimnntn supgest that the kineticu of the alav phase are not greatly affected, Y )
impiviog that the decresae in overa'’ aftinity at pressure {» rdetarmined F '
by a radiction {n the fant rate conntant, We ;o curcently completing a -
rapid mining dovive which, togsthet witi cooling the chambar, shoult ellow LR + P I SR RN R e AR
the alow aid Taul ateps boch to e studleds  Data on this asprct will be @
preqented,

A second parameter that can be atudiad in AchR mewbranes {(n thafr cation
peemanhi ity Following addition of an aponiet, T™in (s poanible because .ay
the proparation contalne partly avaled esbrane veuicles, Tlu-" may he fosden "
with & radinactive vation by pre~ineobation, for example with "ONbCL The
external vadloactivity can he removed by enclivaion chramatopraphy, and then i
the tadioact{vity relvated an addition of agonist anseased by [iltration 3
At & the proportion of {snm veleased by the agonint carbachnl {a depondeant / th
o concenitrat{an and dose reapoiee curves can he obtafusd,  treat difticulty S04 - ' oo
Io sncountsred (o doing this enperiment at pressurs, however, hecause of &
the anditional tima requived and the [nherent Twakinens ol tie vesicles, i
Proliminary data supgest thiat the makimum catrbachio] stlimutated pervmability [
{o not reduced by prenaure, and that the dosecresponas curve fo not shifted 4
dramativally,

Thus the wffects of bul{um prewaure on thin post-svnaptic menhirains van

m;l"“dtll'd in detall, gul'ul?ul?n“ul that funct{on i not dramaticatly Vl.‘
offocted at presaure, which impliva that the preasuve Induced condurtion " . €77% ATAY on the wpeedlie hindin ")
fatlure st the nesromuscular juetion raported hy aaveral workers (@ Hat Fiause L :’,".T,'”':‘.:.,."':;',tr"l,‘\l(lz,"::'::::l,,:, ,‘,‘ﬁ ,.,',l,,‘“ .,,.,.' ‘I..,h‘l,.q‘ ek .' [
ponteavnaptie {n urigin, {rom the elactroplaque ol Torpedn califoruleas B i hound '1
. § . 8 o Windi Ttew, The 5

of particnlar interent tu diving phvatolopy 1 the elfTecte of ather J‘l:;::,ll‘.:"‘::": |'.r. ::..:.h:,.r:y‘y:n‘:l‘«n."“::L”:‘.’mr‘.-::ll rln:'llhlvu.":hv :luw' ol §
fnert gaawn and thelr winturen, Wark on nftrogon and argon s provesding Tnin HEUE plot mud the ddaooetatdon «oqatant ke eevpect foely i
And resulte will he presvnted, At prosunt we hiave sl thal valatile snes- Tah ¢ 0.l wnd Vs 4 2.0 oR for the contral amd don & 007 and |
thetles uhln:n thy hinding of V[Hj=auwbyicholinn {0 the appoaite dirsction ;} i ; WAL pressure X
to helium and that these sffevts are additive (Looo they oppotw sach otherd, ! prevsure. ;

e P

SESSION XVI HIGH PRESSURE NERYOUS SYNDROME

B

THE KPPRUTH OF (RNKRAL ANARNTHRTICA ON PONV<RYNAPTIC RINPONRER, |,
';MF!“ ufl, Depaitment uf Pharmacology, Uslveysity of Miuy
arks Road, Oxford, ORI T, Rnalend,

1okroduciioy

Yor mény yasea the basis oi ihe action of gensra) anaesthetics has hean
thought to Hle in thelr direct {uterference with synaptic tranemission, This
cuttelusion (s based un the fact that synaptic transmissiun (n deprosasd by
Tosior conppntretlona of snaesthetics than are pequired tu affect anausl ron-
duction, {lats 1992),  However, ne shogle actim aof
auasathetica on minsbon has yet hesn fdantitied which could
uetely suplain t e action 4y ylyyg, 1t {s pusaible that the
reaaun for thiv {s tha oral snasathaties do not all act by the name mechin-
taw, Howsver, the encellent correlation uf anassthatic putency with lipld
aolubility and the faet that the Ly yivy general ensesthetie actionn of sil
sgonta are reversed by high pressurs su ia that thers (s sime common
wochanime Ln their production of ansswthesta, 1t may be that the reasun &
commtty basle has not waen found Lo that many atudles have been restrivied to
une partivular gtoup aof In order to determine the role-

vance uf the actions of oystem it s
{mportant to compare the re uf anasathetic
agttita and slav tv detavmine the aftee 1t would w

snpectad that Lf the eflecte nf the ansesthatica ntudied are fuvaly
produrtion of snsasthesia than they would ba reverssd by high pressure.

Recont work in thin laborstory has explursd the actions uf anassthatine
ftewr output tu determine wvhether thia could pruvide o commoh

The guines«pi an & model proparation and the out-
put of scetylehaline und firat that ther
radical difforences betwaen ¢ onthetics) cortein
anassthatica » nitrous onide, argon, nlirogen, sulphuy henafluoride, carbon
totrafluoride increased the acetylehaling output whilas urethene, octannl and
phonobarbitone desreased (t. In addition, it was found that whether the
anassihetics incrvased vr decrassad the tranmitior rolanss the changse vere
prosouren of hellum (130 aem). Prom thoas resulte it
wes voneludad that the o of anawathetic sction un transmitiey ve
ar far &5 could b ermined from thelr aotione on this peripheral ti
would notl provide a common elemant in their (n ybye activns,

This suggeated that the {mpurtant site for anaesthetic action night he
There heve hesn sy suggestivns vecantly that pensral

by affocting the cuntrol ol fon permeabiitiy of the cell
val mschanisms ran be anvi od by whirh they could prevemt
tha chang waformation of membrene proveins which occur during
symaptic tranemlosiim,

Ll . parnprmmn emer Ry R IS
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We are currently thvertigating the efloctu ol anaskilistics an the aetlmne
ol agand st which cauns di Floront conductbies chsnges within the pond-ayuaptic
memhtane, Twt prapsrations are haing used for thesu studieon, the julnea-ply
which provides & d compsrism vith the studles un transmitter
rel @, ahd Lhe vat - Lery anvplion,  The latier g ation veep-
ot b nbeutinln, muacarinde, nored e awd QAMA-rrgle agon Lowldh
A Eberent condie Uatee cisnges tnvoiving sodiom, potsaniom and/uy chiveids,

Hethodn

The eftortn ol peneral anmesthetton ob the venpoiiagn ol the guines-piy
Cioum (0 aubmtsiee B, acetylcholing, potasstum chiorbde snd electivical
srimulation hays hest compatud and also thaty wlfects the development of
denvnnitiaation to theng Sguniats, The {1vur van suspanded 13 &l srgan hath
tn Krobn sulution at 316, continucusly Subbled with 93% 0,0 3% €0, Kolid oy
Hqubd anasathotics very addvd tn the Krebs anlvtbon siter control ‘dune
TERPIMIAN Curven A4 bean satablisied,  The d0Bs rewpimus curvea wers then
repeated {n the pressncs of the anaealheticn, and ni cuhtenl proparations tn
which enthetic had wot been added,  The rexponiese oi the cuntrul prepavatishe
were repruducthie dhruughiug,

Dunansl tleation wes Liveatigated hy adding repeated dosss ol cuncentrsvinn
of wach miat which produced a nasrly manimsl responar and then vepeating
ihese Juagn il the proasnce ni the andeathatic,

Apparstun haw hoen desigued and haile 1o which the wurfave putsntial
chaiges o the pgangllion vas Wy the additiaon of sgouist drige can he vecord.
wd from (uabde & propiure chamhor,  The methud 1a a0 sdaption of That ol
Brow aend Mareh (19250, The ganglion continuounly supeyiuesd wiih Krels
sobution and wodutlons of Uie diugs are added autematicslly at interva v
asstis 0l s avbrching nysiem triggered from nutaide the chawhsr, The potentisl
chanpes st rocuorded uaing Ag/Agt!, elecirodes puritioned At sither snd ot the
ganglion,  Potential rhangas down lu 0,05 m¥ can now he recorded antiaisciorily
frim fnside 'hy pronsure -hombot. At present, (he vlfotts of high prasaure
hellum on the wn to the sguniata are heing tested and then the etfectn
nf presaure oh tions of the sue tice will he fnuvestlgated,

Rupulty

The ansesthetica which have heen studipd on the leue are urethane
netancl, pentobarbitons and phenobavhitens.  Tas yolatile saents ary cutrently
unster investigation, Octannl, (0,70 and 0.% WO urythane {50 s 10 W) and
pontahethitane (0.2 amd) D& mM} decreansd the resprnses to arstwirhnline,

chinride, and slectrical stimitation, The mawinem
ore dirrsansd, as were the gradients of the Yon dose
rospnnse turver. Of ronsiderable intere ha the nhasrvetim thar the
acotyichnllne reaponnen were depresasd loan than thass tu eihatanes P,
totasaiom ohloride or electrioal atimuiatim,
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Phenobaytltone, whiceh differs feom pentoharbitoue tn heing proportionally
more antlconvy{nant and nedative rather than geneval anancrhstic, wan yaed at
the same molar concputratlons ax af ths [atter In order to have & direct com-
parlaon,  The reaponacs Lo acetylebnline, subrtance P, potansium chloride and
plectrical ntimilation vere not wrestly affected by thear concentrations 0,?
mi and 0.4 mM) of phenvharbitons,

The dones of aubstance P ware given at 1 min intervalu during the done
renponas curvas, wince o denensttiantion occurs when thia time acheduta ia
used, To determine whether the greater effect of avaustheticn on suhatance
P response comparad with thone to acetylcholine wan due to incrsaved denstine
ttlantion thelr affects vere tested on repeated adminiateation fat 1 min inter-
vAlK) af & concentration of subatance P (200 mp) which produced & fuxt mube
mauimal vemponwes  No dessnaitination wan Found {n the pressncs of the
stiamathatics {n theae reatn,

fnoviww of the suggestion (Young and 9 gman, 1979) that an {ncreane in
denenni tisatfon may cvontribute tn generas! anaesthenls this phenomencn waa
further (nvestigatod by repesting tiy oneentration of subatance P at 1 min
Lutnrvals and alno » corresponding eonconttation of potansium chloride at |
min Lutervala, (The time intvrvals betwoen the succennive wets of donen wers
muffletont to exclude nonespuct 1l desennitinatton),

tu thy ahsance of anaesthetic the Jecreass {6 reaponae amplituda to
kubstance P afrer 10 dosew ut t mln {ntervala wan 19%, tlrethane and nctannl
Pacraaned thin ahnnge to 39% and 100% renpectively but with pentoharhitone it
wax onty 10%, No mlgulficant depresnian ot the veaponaes to potaenlim chior.
Lily were xeen wither with or without the anaeathetica,

Rlasueaton

These remultn nhoved that the penaral anaesthaticn tesled an far deprenns
o the pontenynsptic tesponxen to all the agoniats, while phenoharhi tone
appeated to havn & dd7frrent offect, 1L han heen suggextad provicuniv that
anaenthetien have & svlective offect on changen {n wodlum permeabd tty,
(Thexleff, 19561 Rarhov, 1979),

‘The renponne fo seetyleholing on the lem [nvolien inersanes In
permeald Lity 1o Hao and Kb (Rotton, (8971}, The resuponnes o subatanes " hy
the ganpdlon calln ol the myentertc plexun have hwan alows bo be dus to a
desevune {0 poranalum canduetaew (Arale, Meyer aid Woud, 1929)
and bt fw Tlkely that (t hag the same s{fect on the ameoth muncle, (The
ronpulines tu wubintatice ¥ are nob antagonined hy hypasetne), Thesy venultn
provide a diveet comparinon becueen tha ¢ffasts vl the sqony st on the same
thnnues and whoe that, In eontrast to the provious resulta, acetylchollinn
reapanues wers Luna depressid than the otheta,  An {nereane fu thu dunenn-
fetaation ta Aeclvlelmhuo han beon nuguented by Magaranih (1978) ror gaveral
devgw Sneludion the barblturaten and Tong ehaln Aleohoin, aml by Hlgman aml
Youtu (1979) For volatilo ansenthvtion, The present rasults  gpgy that, white
velanul and urethans cloarly toevsaned the demwnaltiastiog to substatcs B thix
b not an detlon common to all xeneral ann Lew ax it van not ween with
beotobarbl tone:

The main enticlunton to he deaws from the veaulea thun far {a thar they
are vompatable with the theury that an actlos common to al) genseral anaeathet.
fen U deprexalon of pont-aynaptic reaponain byt there [a no aelactivity for
wodiun conductance changen,  Current uurr 1n being directod tovarda determinlng
the erfwctr of high prensire on punteaynaptle respunnen and the srfeves of
aptunthoting o thewy using the mothod deveioped far the ganglion prepayation,

Hoturences will appear [0 PROCERDINGN,
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PHARMACOLUVTTCAL INVIVELUATION 00 T HEGH PRESSURD. KRGS CAL Sthungdin

NHATN MONOAMINL PUNCHNSRATTONS, {1 Aty Lipvmpr, ik koblin Wqthe
Listp J ) . . v ekTty Depad Toend o
Thwtmar alugy, St Tabs \ oy theparteent ol Gt wt Paome
colingey Rade ot io Inbiemaryy Ovlaedy Ky PPRpsteal sl oty Lo vatory,
wetlh Parke RHomly Unbapdy Bk *Much ol U work duse tfbed 01 Uiy wbstpaet
was cbeied aut by By G Kol b whiide on Teave from the San byane baee
Medbeal Contery supporbid Dy Lyt Palpae eant 8-l < 0Mo= 1552 sid ONICN o gd
B BRI I

b mait the olbwels ol Nigh pressiie, koWl cob s tively an the high prosa
snte neuenbugdond syndeons CHPRSY are tepicaldyy Liemor, nanseny, diszmwns and
Aulbeiencten fi e porfotmter ol payclimmeten testse HERG (6 a net dins
Tlmbtal et gt abbbTLY Lo funetian umbse tho prossnrss cotmiidy sneontofed
G commere Lol dbiving (Hadsesy Dot tin b ity 19700 Parihermoss (40 §n possibie
el Che onire mocdmis nigee abwmeavmd I8 antmals may alfoct mmc at andy sligintly
deipat adoptha, T miee Lewmabs ale almeryed G0 Thee baige 10e50 ATA, convulsians
i the pessapan range Hdore AFA Poliowml by doath ot Lote)di ATA Co, 0, 14 ey
PN I prensire at whideh thssn whgnn fipat appear Eu dapiiant aof conpre se
Aot Catesy Ml work o dmse ey B Eibe absiige U bams Trom e ol loct ot
praeeping topor it by gaune, Degvpr b Sheshan CL9%%0, and 16 caneeenmd with the
whiocte b high prossare o U S bn ol mmosminge npnentyanamit e in Lhe
ek b anevonrs sy lame gl on L manines G Wit the Bigh prsesure nsuvsiogleal
myddrome may bwoaod il bed by driages siloh sedactively depletn the dellersinl tranas
LINRLIENY

Pl v tigabinn male €01 mice weie weeed bn b wabghl cange oe W,
P il fiensies wapmebiattn wete pwtlopmed oo Lh 3 hypetlatic chamties in
whiich cite mobae conbatied (o0 rentealimng cageywith & tmolad thermel pieobe
Gy tedpeoiid be atovseverd anrd Ahe ahavtvaltois feceidmd untog & cloaml s fcait
inleviaion syntom,  Ehe rectix] tompareatiul s was meintabhed hebwepn 0,5 a0,
W byl T Ve chambey Gemperatale Cosanb by A0 the pange §e 0D,
The chambsr gdns worr Alxmd witlo o Lab poweped Ty oan bmfin bog o motor omd
cottatonrn ol soda Lime & we CEvated Charonal wete 10t Lo pasove arbione.
Ataxide and ol jasnt ganses,  Prioe 1o compreasfang the cnambet wis Eiushieed
with pure axypmi,

Pont bnhavioural e
by Pntegmitbead twrtoitbog ol bhe ook ntl bac ko st des dquifng whioh the mouse
aften adoptnd w b hed posture, Ceapos bramors wepe el fned by o shilvering of
the whnje Twdy doring witle b the animals Tosnd cootdinated aovennnt iflicolt,
Convitla ot wege cabac e fasd o wa o setpuren ob st bl Bent meveridy anoan 1
prevend Vhe antmal pe oo ttandt, they were ol ten fodbowed by o brist petiod

oltt o wege employed,  BiEld teemor s wees s hata ek Eneat
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al respiratory taslure,  Doath was detined by a compliete shaenoe o movoaent
tor o oone mimte peatod, A miofeun of six antnals were used fot sach treatiwont
HEougs,

Bolluwlng the axperimstits the braits were rapldiy rosoved and kept al
<0t unti) wnndysiey which wan perfoemed within two wesks, The Lralis were
howogenired in acldiliml itanoi,  Pollowlng cantritugation the supsrialaht
Flutd wan divided Lnto two fractions, Une was uked 1o analyst S-hydtuxyitptae
it CialT) whidd (Un metabulie product S-hydroxy)ndoie acetic acld (3=1i1AA) by
the Fluorometric method of Curzeo and treen (1870), The other Truction was
tned fur the unulysis of dopaming (DA} and norsdreaaiine (NA) using the {luuru-
motrle ansay ol Chang (1964), Uwiiig tu the damage Liducad by decompress{on tw
beath welglith ol anlmels killad wlber comprossion were some 10% luus thah the
corresponding valug Top nodnala which had not been sublected to pressurs,

Kxpariments wore peeformed tu uanesh the role of steeanss spbaing lpom the
reatealot of the animals dn the chumbar, Parjodiol restraint of 20 alhor &0
hoies (periods ximblur to those tnvolved (n Tasl wid slow compression vxpurimenia
trapectively) lind ho effect on the Juvels of DA} NA ar 2elT ses Tubie |,
Howevar, s marked betwake of SoHIAA leval was obaerved fndicative ol Wipher
Sl tutnover, Thie (& consiutont with vther raporin ol incressed S« tupiover
Totlowlng atresa fiduced by {mmobllization (Uareon b drecng §971),  Slow
compresrion at | ATA/mIn, of rapid compresaion at 18 ATA/ming had no eltect on
DA ur NA.  Buth, howover, elevalad brain S«HIAA alove thn levels Lnduied by
tantratnt alone, Haptd comprasglon wlan ckuxed ko amadl bul wtalivtically
algntficant (neransy in 5l Jevels which wav not observed ap slow compreanlon,

Kesudis

gunfn G0 Fullowing reserpine prestrawtment (4 mg/kg wivan Lo approximately
TR hoite belure wxperimentation) beaft sohowsiog concentrations were narkmdly
ruduced conpared with comparuble (vehlely dijected) cuntratn,  Alter the

appl beatlon of high preasire S«dtF concententione tnepsnnml bt was sii1) low
when tompated (o the contre! wilmnla.  Hoth S<H1AA ghd DA concunteatlons fncteans
il ol the application of high prassures alvar reserpinn,  Thare were no

At (ereions batwean the NA dongsaltatiobs ol reserpinsetraated  stimile compared
wlthi thuwe oxposed to both renwepine and proxsuen,  Kexerpine warkadly reducs)
tlhe onkal preruurek ol (he characterintic wigon ol HPRS (Table 1),

1. Gl Lo bnpibigtiy Y Prisss ol 300 mgZkg wera glven Lopy approximetely
iy w74 houts belorg axperimentation and, as vxpeciod ol a tryplophan
hydroxy lxse fnhibitor, were foutd to dectanve S<Ht wul SoHIAA concentrativne while
uot altecting DA ur NA,  No nlygnitienht change 1o the cobemniltullolia was vliserved
alter presxutivaliong tor Jhl POTA allect the onunt of HPNG,

ity sfisiyin P00 Antmads waps Lreatud §of will 150 my/Zag at
approximitaly and 10 Wt belore exparimeintation, oMM s 4 tyrosiie hydioays
Lase (OBELELOE and produced o Algnilicant decrensm i NA and ko dodest dacrosae
In DA whilat AHP and SHIAA cuncentieations were fut affectmds  oMPT produced
o el fuctn on the visel presxurs nt the obsarved wlyna v HENY,

BiAatidl  Antmain wire trested 1, with AoomgZkk about L ohie Delore exparimmiiinde
Wity FlA«6 b IhihEUs dopamine polydroxylane producing u marked deorsease in brala
NA concantentlans aid & tisn I brakn DA Sedtl concentrations are not alTectwl
wml BlAst ) dumn nut mndidy the (nerwnae Lo 5<H1AA abuntveld ol pesssutiratioh,
Vhaugh aftet priawurs teegtmant the NA voncentzatinnk become eyen lower thas wlih
FlA=bY alonme Aniwata Trewtmd wilh 1DAc0Y exhibitad the slgnn of UPRA b Lower
CUCYR IR (TEEVATTE T

X Spogunt Purttal pressiren o pltrogen b the tange W40 gth w L v ow
RENOEal anaentt the and oy the adgis ol Che HERS U owcenr ol wiandbivantdy
highel onset prodauies Clevery Mubiory nton b Smdun, £0b) 0 The g fated
change Th U brois amibe dovels e at proeeny wider taveatagn Ui,

HETHIYY

Thet sl b b of tmBob bt bon steesn b Vhsae Bxped bt ay Puesibly
P dghitaied by pressntzatoong s reb Lo tod i the nerensed S«HIAA cotenloal fonn
MEPERUINR D rewad i tubinved,  Hesergoineg A atd aMIT o BLA 6 wege
sl Lo provent thin poreasey Phe obles G ol wliews ot Brabn catprinel amg o
WP s G D amad by

The Lack thit the deci®wes T %ellT wind <HIAA aiter FCEA weire pol
ket Eatmd whth chabpnn i the JIPNS suggeat s thnt fell) doew ol play o maoer
todey, Howsverg the changes §0 "= HAA comventrations al Dgh prensppe woin
amAl Pl AhAD RU wtmsphis e be preastire, RURNORLERR FOAN dtENane A0 Sa (T pedaane,
il 10 would be wurth testing thin whprel mie atringenily,

The fnhidition of NA wivd DA synibeain by P bid hot altert e HPN
althoagh the greater depietioh o] Abusa umines ity ressrpine cinarly luweinl nld
the thieahoida,  Thin didlarancs may Lave Lbewh due tu the [act thal reasrpine
Sl the vvuptaks mechiaitem 1o HEoragn grabules sl Ahin might have o
ditterant witect teom t o ol aphthente Ihibifare such wn PUPA and nMit
rranhbin & Hegbetgy 1924),  The Twk ol stbect of oWPL an the HERS wight
wintgenl lnd the o atecholamines wrw it fnvotved,  owsavey o oMl bl ned cxune
w hhgHEL Teant ddar roane 10 DA i prewsure,  CREs e cainml Jnen depletiun ol
BA b enunen bt thor wiiac by s NA were wikchianged; saggssting v possibie o ot
ol prawwite i UA melebo|(se)y

Thee decieane (0 the ouaet pressuens for e RS wighn catmed by ILALS on
Thond gt appear 0 be DUkl (0 reduced NA condcsatrationn,  Howsver, thin i
Hot connistunt with the pe) ts obtabned uaing alMPl, whiol aben idecrrasn) NA
ot nbbanse 10 Fa ook ble thal the (e pspard BA cenveitgad Toe, iidue e by
FLAG G muy play o part b madiating the el lwo bx ab thiw diup o e [{PNY,

The rwuiilta pepobted iere g0 L heaping wilh (e auggustion by Hiser ot
b CV9ZK) At Ahe catsc el amines abe by bved fn the behavioursd o hangex Dl el
by Nigh pressure, AU the name Cime £ Has ol besn poanibide connlateitly tn
wamos Eate the THENG o Nen with wflertn on any patttonlar amine,  Despite thin 44
P ol Intrpast to note Vet the grvater athes by of deswtpine aid ol PLAGY,

alud with thoan ot adP1, on tne HPNS paraliels the ellecin ul thees ugenta
all alas Lpnshoth wind penlylenetettgsol cunvalaluos e Kydtun b Prayy 1971),
Thin xupportn Gie Glen thad Ahnre o wome comman fa e b the primdus Yaen of
cattewivions by Vheew taiinGues aml by prvosure and, togedbsr willh 1he prerent
teauith RUGHERIA Vel more Yhan unie neygobeansmi Corg bn bavol ved,

Nefwrences will appsar in PROCKEDINGY,
Talble 1 Fuliv

- e

; PPV (VR TR T |
FATRRNY ey DY\ Y kil ks’ anil el Aliad skl A PRI i m

LA TR R AL A Lot dxbas b

TS




SESSION XVI

Tebly 1o H¥ND Ouaet Prpeeutes nd Braln Amtue Lavals

Axparivantsl
4

Pine Coataw Cunvulb-
Trastment Trome Troany slans  Desth SHT R S
ny
Untreated 0.0840.07 0.4340.02 1.1348,01 0, 148,01
Totiratued U.1040,03 U.83$0.03 11940, 0,1380,0¢
featrained 0,530,060 0,360,001, 1880,00 0,1800,07
Raptd . 1205 1IVA11 0,0840,07 D.NAOOY LOBSOUD €,13%0,01
Flov Mee 9988 102k 1NEe 0.0230,00 0,7070,08 L.oMI0. 04 0.1630,0
::";:::W" 0.6940,06 0.4020.04 L R0HLOK 0,1100,07
Mesarptie 0,2740,00 0,580,000, 10,07 0,0410,01
‘.’T'.i.‘l.‘........m M3 g 1eIEY 12486 D.AALOT 070000 L1230,00 B TLi0.ul
AO0LY A283 AT3A BAEY O,0BR0,D4 DRG0P GuBAULTA O,0080,0)
0.0110,07 040007 L2008 0,1120,01
0,910,080, [RI0.G7 L0930, 00 0, 0ei0,00
.1.3 ‘_P:"“““ W RNCD O JURMG LINEY 0MASO,01 0LJ0RD.0F  L29IOL LA 0, 2ke02
:‘l'r': cempteaton LD RLE O IAY 1220 00IL0L 00080.00 LIAUL 0 1m0
,'"‘,“’::.:"z' BONSEOT 0, 150,00 LMD 1 1180,01
::'g nare DOAMO0E 00,04 LOZLD.OT 0,0888,01
e atanagon D13 NLT BB LI 0/SA0T ABL00R 1ON000 0.930,0)
:IE_ comprennin PSS WU OIS LA2Y BLSA0I0 0,2040,00 0AZI0AL O.UZY. 0L
MO CMKLEE 000 1240008 0,180, 00
Piie LUvares  Golvuls
Troatment Teame Trewnr gions DPAtHOHT Y AL DA NA
oy
FIA ) URKOL07 0,408,020 1,53ADHL 0,070,010
W rvesute
Yelidcle R4 MO WLAY LA O,690,02 DoSAKIID 1,3240,07 0,1440,08
stuw comprannion *= - 2 SR W20, d2t0, vide,
l‘,ﬁ"":“wm“m‘ WOLTBASY Pabi BNRT GL6620,01 D,RR0,U1 1LATHOLDT 0,060,010

Rosulth Sl modir & BN ul alw or sore oimervations, @ - yaty of changs tud rapbil 10 oherrve
accurately,  Siow comprosvion o | atw/min,  Mapld comprosslon o 1Y aun/min,

W W w

PRXVENTION OF HDPHA | DM PONSINLA VLI OF NTHUCTURAL JHOMNILI OF ANAKLTYAITIOR,
Y 1 Divieion uf Anasathaning, Glinjoal
waearoh Centrw; Jarruw, HiddLa; hitad Kingdom,

Nwtmnln axposed to Lnorenmed wehient preasuren sahibit firat unenardinated
trumorn around 90 atmoapheras nbanluty (ATAY Lhep sntviiadonn, Ysapieatory
diutrasn and finally dnkth na the tota] pranaurs in Faised to 100-190 ATA,
Thune dhangen o sncompuannd Lo the High Pranmn-s Bmiroiogieal Hyndroms [RINA)
(ilunter and Mannnti, $974),  ‘Thers have waes & tumber of husan studien nt
Preastydn up tn GO ATA (Lwsuertaen, 1970) but the physielopioal prrturbntsona
of high prennure Aty now the major dimiting fmotors 4h diving Lo won daptia
praater than %0 m (%0 ATA),  low annoentrationn of n variety of ainssthetio
wahstaneen hnve Lnon domonnt ribad Lo onmellorate aume of the adysuss nffaotn of
High proswure bnowsphiblans Hitlary 19905 Nalnay and Wardloy-tmaan, 9pm),
However, nnly a timited rabpu of pareous annenthetien have Losn atudiod in
antmals (Bratep ot al, 49%6L) and tha undariying meohaninme of notion are
unitnowty  Hikropen (ak "Trimix') hos bean uned sxparimantally In mas (Hapnett
at aly 10%4) tut am yet tha ovarall remultm are neb unbirely satiafsctory,

Our rocent sxporimenta fo [nvontimbe the {nteraation of pransurs amd
ananathntian G vatn have Led ud tnopostulnte Uit the molegular reaaptorn for
anmathonin and HPHL may be naparate (Umlnny, Wardiey-fmlth and deesn, 9998),
One napret of the datn o whinsh thin hypotheain 1o bansd tn thiat although att
Lin nnasethetion warn anbagoninml by prenties, thare wors sonnbidarablo difs«
forancon 10 thadr AbLEELY Lo provide proteation apagnac 16805 ¥or sxanpde,
Althenin and ketamlnm warn both sffactive 1n provanting HPWT cven {n nibe
anwesthetia donan, whoknan nsthohexitane metuslly pobentistod the teewors amed
aanvitnlons aeen Lo NPRE §n thy rat,

Hrwnvary althaugh nnme gopeathetion bayn na effect oo BP0, Crypy thta,
Pantaned , w gomposind welabod Looan anaestlintle han et beon found te nave
niy it Pleant offnot in pravonting 4t (daelvey-dmith and Hatnoy, 1999},

I thun anamnd poaniide thut a nonsansarthedio sompound with a clone arueturnd
rulationnhip Lo ah snwesthabic wignl prove unnfil (o tie troatmnnt of IPRB,
T wtavudd wasesthetic alphakalons (Ui matn coponsnt of Althenind has
onyeral non anassthatis fromnrn witl anly smndl otrugtura) chaneen tosinae
alphaxnione (s effortive jn provanting HPIE thane compraiidn pnented appropriste
to mlaly Cor antUURED netiviny,

_b_t_l"nl(),m

futty male Dpraguesdawiey ratng SO0 » werr uned b el L evparoae hleg
the lateral Yadl veln woa eannulnted o puema b Gufunton of adrden ot prensiee
Trom A pwap whiich wan rxterunlly .-,mtrul‘ml.. 1‘nan-nl-n-u whi mranirod vin oo
ralanie thermintor nnd wah malhtained gt 29 o 0000,

We uned Lramoe mhoa meann of apperntna the aevupity of P8 1 1w 1een
thawn to hava n eepeodusitle opnet prenmies (Nepor ot ad, 1k i hhy
Fmpravemant subinaquant to dedp sdsininateation ean Weomantyy detoected,  The
mathod we hava developmd ar renmiring tromar w1l Yo depscribed (o detail nine-
whern,  Brisfly, {0 conainta of n rmali ntrain paiee nither taped diieetly
onto A tat snelonnd dnon orodert Uhiggmect (Denacher, A050) or A RbEale giepe

HIGH PRESSURFE. NERVOUS SYNDROME

incorporated into a wiall cape in which the rat {a restrained only by taping
ita tail, Both syatemn pave an oxcellant aipnal indicating onmel of tremor,
but the olpnal from the cage allowsd detailed analysisa of troemor frequahey, and
more recent axperimonta have used thim technique onlys  Aftor preparation under
halothane awinenthesia, the veatrsined rat was placed in the preasure chamusr
st aliowed to wake up,  Once a puitable control reading had been obtained,
0.4 ATA oxygen was added and compreanion with helium at 3 ATA/min waw cowmsnoced,
Tho aigual from the strain gause was oontinuounly racorded on magnstic tape mnd
was obmervad on an oncillongope,

Ve can[und the afrecta of 'Althewin' (9 ma/ml alphwxalone dissolved in
Uramophor BL){ Mﬁ-n\ghunnnn (30 ma/ml manicated 3n Cremophor ML), 3§
hydroxy«alphaxalone (10 mg/ml monicatmd 40 Oramophor KL) and Cramophor Kl alého
an & gontrol.  Once tromor had become maderate o severw, vuch sampound wan
infuned for up to @ minutes, An wall an continvous recerding, the animulu
were dolintantly watched to detect any ohmerved ohange in tvemor, Aftet awch
infunion, all anbmaln were afully obaerved Lo epsuira that time~nduplation
to pronsire did not sliminate tremor (Brauer ot al; 197%),

nmguﬁq

th methodn of monitoying tremor gove a poud atd poiht far detacting the
oot of tiemor and, converaely, reliubly detected miy inprovament in HPNH, an
nhawh by Lrenor being attenumted or abol{shed,

Wn found that the frequanay of the LPsmor Wam gonaintent Latwann glfhnm!
n\m#l% ”x;ygm-_ from 11-%h M, The threshald for tpemor onmet (ATA 2 a,0,m,)
vad 01 = 1,0,

Hewultn of the generalised atfeata ob tremor of {nfuring alphaxwlone of
it inamavra are ahown i1 ¥ips 30 Alphaxalonn wam thn most effaotive, hut
Alkeutheain noourred vary abortly aftor tremor hnd cemand, 3¢ hydroxy- and
A faalphaxalone bubh reduasd tin severity of tromor, bub wers nol as
offective an alphuxulones  Heither Lnamer had any Ahaesthatie effmot, Onoe
tromor had returnad, usially about 3 min attar the indbial deup {hfunion, a
negohd dane was glyani A1G-alphaxalons waN At41) affantive, but 1y hydpaxys
alphaxalons hind #o effeot un tramor duping Recond or Ninasquant daasa, miggsnts
ing that {ta metabolived form blooked the HPHYS recapter,

lowaynry Althounh the fmomarn of alphixuions improvad HPHE na shown by n
rodugtion of Lremor, Loth obnerved mbd recordnd, they wars not totully
offaotive un mhowt 40 Fig: 2 T4 can e merh that wlthough the nevurily in
prontly reduced, the boalo froquensy nf thn tremor {n mtll prosent, Tdw
appantn an n bighee fanuenay slgnel rupeitimponed i the peapitutory vipnal,

DLBYUBILON
A URK oF atruetural {nomers of anneatheticn 48 ah appronsh wiiel may
makn Bt poraitile to diatinmilah belwean Asharuts molneulur dmosplurn fop
atanstheain wid HEN, and thus Lo ennbite nodrag to be feund whieh 4a akie and
effeotive (n tranting NN, Tnomers of an ankenthativc already shown lo e
offeotivo {n peaventing teamor eould have conndderable potentinl an a pharmacus
lagionl approteh,  Our remultn ao far nre enconragihn, Wit a numsnr of further
quuntionn vemaine It han baen nupgented Lhat the foomors of alphakaions nre

¥ thetie aimply ) they do net remch the molswilar ymeaptor fop
wnnonthenine  The faot that we Tound the {romern only paptinlly sffeative {n
provanting tremor could bie diw to an ineufflotont oohasuiration at tis
muloaitine Level, but the exdmbanan of ahy sffect on [IKA demnnnteaton wt 1ennt
< ronasntratich of the drug batng avatlania to the voenptor, It is
poke o Uk {qomarn of Ahe hewer whter nolubile ntere tds would he more

aue oy nbnes a mudh grenter peasrvalr af the dev e anoutd be available tn
the . nr pageplor, antd we nee ourrenily tuventieatiog othor annenthetice
with tive isomarn to tant tidn ddea fupther,

Attempts to Hind m deugg ot vriated to nbhaeathating to teent JND have o
far not boon mugceanful, A Mudy §n whieh we morenhed ant{sanyalaant driph
tor ant{IHG Autivity th mive mhowed Hint only thoae compounds whieh vepr
anasgtheiie at hipghar soncenirationn, st diatepa=, wers of any valun,  Hon
almepthietic Anticonvalaants nodh sn phsnytotn wars compistely {Baetive arninst
RPHA A0 vur preprration (Wavdlay=tmith and Kaloey, Y293, Phin providen
Fabther aupport for the aoteept of moms fhearaction latwnan xoaonbhanin and
RS poanplorn,  Howaver, §% noomn eretain That the epenplorn are ol
Lientient th vtew of e conntderable varlatton hotween d) [fsront nnreathel fen
i thedr abd 1Ly ta provent BPRE 4n et Gleeong Hatney anl Wapdley-fagih, 40003,

Thin dden of Jinkoed yeceplaric tn ot [ieannfatrat with obline pyporiments
indntaet antmaday wiieh have dosonntented Lhat B sren of tho bealt nf Ceetani
by annenthetion and proasure $n thn wme (Angel, Nnlwrey and Warillaystiag i, ¥90)
Loty 4y the vomatonennory pathwsy Yeading Lo the esrourad onrtox,  Thepe
orperimsiin Looked kU the raduetion of the avokad avmatussnmory qorticud
rohgonas by urelhaes foljowsd by {tn rooovney on {ncreaming mabient prapnues,
Thowe data winn WUggnEL that the effuatn of preasurey holh nlons and on
atthinihtning Are unt due tn w tenarel exeitatlon, nuch e might be medjatud Wy
eatatlinlamitie pelonnn,

TEin thus of poteotind dmportanes Lo anders akil sore sbiout the proe e
receptorn for anannthenla nod BPHE, ninoe tne neparate miton wouid nllow the
peraih Ity o wodrug sntiesly sfTective {n Craating PR wothout uhdnad Fal jo
Ataenbhiotie Thide effaela,  Hopefully, the abudy of vunetive taumers ol
anuanthation dhown Ao e of veiue 10 msnHorstdne RPI0 vi11 continie (o provide
pwomi alng raniitn,

Hiterotorn i1l appear (o PROCEFDBINGH,
Fluures | oAt 2 1ot low,
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T 195 1 wan nolud that applleation of pressure to Ladpoien aneathet ized

I
Lo Il with «heobol couned presvure reversal of atesthestn and the tulgoles pesumed !
. “. | i - ‘w | c avlmniug,  More pecent 1y teaber of workels hove quted tar worcoet e gasen
M e
T
b L Cv DL .

!
addinl to tine hyeathiog mfx o o ob andoa b piangt Lot Iv tataed twe prennare (1) H
at whirh convilnlons aceuricd, Gonv crely wark at the ¥,6, Hall Laboratory p
which defined Pe an the vecurruitee of overt convulsions tog therwi th LEG \ P
‘ 4 Hpdke and wave activity found no change From the 133 ATA (170U 1£) o b0 rats k
¥ b rend ’fw Cramophar £t 1 min o whoge volanie temperature wan malntsined normed,  Mean Sremor thresholdu,
howevor, werd [hcesuved for 10 ratd from 55 ATA (1760 it)ewith 10% Ny in
. P lig/0y to B) ATA (2667 ft) and with 208 Ny to 100 ATA (1567 t0). AL 40X iy the N
B '\J‘v-,'\' AR L rutd wure anesthetized and wti)] whowed EEG sofzury actlvity but nut vvert ‘
. * TN canyulniom al the abightty lower preanute of Y9 ATA (00 fU), Thuse il
) - ' difteruncad may be due ta the method of addftion of nareotfe. I the Rostain 't
\ &‘ Althnin 3 min I} papio paplo wtudy N2 wis added throughout comprusdion rathor than fnfttally, 4
4 an with the abave expuriment.  Other foctors such ag nethou of comprosn (on, kil
, . R aprefes or temperature differencon aloo mmy be concurtivd,  Agaln 1t dhogld D E
\ l noled that glthough pressure revordal dovs appear valid (U liaw not proved i
pourible to apply premsure (or Belium) aod “wakeeup” o traly anewthetized atr .i
": s LT hrn‘vumlnu andmale Most o the weudlon wore made with pefkilothermie mive “
. ' uebliging righting response ss the meanurament. Dy ta sueh problons E
N S“ 3 M=#phiutiens 1 min (‘ﬂ with autmsl wodels, o continuous werivs of human otwdies of l=n- putential A
1 , vilwe of heliom/uitropgen/oxygen mixtures (Trimie) (1 controtling IUBNS fn
‘F‘ ! "\:i \‘N‘W}' \w‘ w . man lion bam made at thle Luboratory, “».
il d. I
( mﬂ\%w W |l-‘_ ‘[r' Thus fu 1973 4 divern wore comprodsed (020 min to 2V ATA €720 1t) with ’y
A 29% Np Ao le/0p and later In 33 mine with 182 (5.6 ATA) Ny In Hie/Up to A
b y JUATA (100U T, Gonlral axposuren were sade alro to Lhe wame dopths In /o) 4
H s (“ apehidteny spnaey 4 emin alone and to 7 ATA (00 £1) compressed nlr WIth Uw wame Ny paetial prossurn. "
s Decampression uslag .8 ATA 02 roqulted only 4 Jdave, A battery of meura- \e
N physlelopteal and parformanee Losts were plvene Thee Np suppeessed the nanceg o
I and dizztnesn and (e fntention and postural Lremird notwl with heltum alone, )
! Pigura 1 Paychonotor porformane markedly fwproved with nitrogen present bul wome docerss P!
§ ment o fhtelleetual porformance temolaeds The EEG whowad it le change,  Suli- Iyl
3 fracen nhtaliod from o mtrain gauge taped benoath A rat showine the efluct of fretivelyy two subioeid Goee HPHS-nousiLive and prefertod Toimlk, wherean the \
. Althenin and ita iwomerm ofi tromor.  Oramophor EL had ne affe by Althesin nither Wwo reported that witrogen nareonis reducod Uwle eiTicloney,
g Woliohod tremor but resulted in annontheuis after 30 np A1b. wid %j-hydroxy- :
3 alyhaxalone vers both partlally effective in attenuating tremor. ;
; Computat fons of tae corriet pereentage of pltrogen neeossmny (o Hognte .}E
X tim oltacka ol heliwn pressure based on folepact fony with Lpdd mnolayers )
" wuggest ed 10X an optinal,  Accordingly in 1976 a Furlher % divers wory voge B
X prenmnd to 31ATA (1000 FR) 0 33 mios breathdng 3,2 AT Nyy L5 ATA iy and .(
the remninder hulivae Tesln wepe made of postinral Cpomor, B, pagelomtor -
. amd tntedlectunl porformunce, and subjoect ive sengatiobhe, e diver worked ‘<1
umlun‘(ulnr for 40 ming wouting ¢loned clreadt fireathing apparatus (n waley t A
at hCF (1476), Decomproarion udlng 08 ATA Oy touk 4 davs,  The performun e L
tonts showed no wiges of decroment due eltlior Lo narcasis o HBRS, Ro tpemor \!
' N e . . . or KRG changes wore pobed and Omiee wie no taimeay diggluesa or (ot fgou, T E
) i Futlher watistactory divin sere mde to 3 ATA with 10X Nz ales Lo tent S-day
X LATA (RN 5

deconprednionn at the tewes 006 ATA U2,

.}

Tu vurify whethor or bt papld compronnton with Teimis ta presnurug
Revator than 31 ATA (1000 10) would by wqually nuecennluly fefol stindlon were
made with the KN, Physlologlval laburatory,

(12 1t by &
A i .. The Tower nltrogen pe

Gollirons bont wan made Lo ao,n ATA

divern breathing ug Ngy 0% ATA U2 gl the pemalader el L, ! .
CHLAHe Witk chonen Tnltdally to peduce Ue potent tg) E '
. . o . vk ut Ny nareouls,  Digzinein, Light headvdoess, noupen, tremors and mpked
' T3 A1A \"m\'\i”‘"f [ YA tattgue oveurred, which fndteatrd 1t oF o protect ton trom (PN, .
w AL I N .
3 B . ]
: . i -I A further dlvs, a venk alter the succesnful h day docomprass lin fpendve ! ! \‘
. . o the same nftenpen percentage bat o siower campromon rabo of Yy loats (nol osd O
of 1 he 40 ming Lo an,b ATA, Burbng o B min BLage ol Liky dopth the divers
w;’n- lll' nm/l \Imll‘ Howevery aduprbng farther comprodsion {eas 40,0 ATA (131 o
FE) at 4 £t/uln Ahe dive wan abarted at 47 ATA (112] 1) due Lo L pregenee Yy
S anaus SRR of undue HPNS with mavked tesmopa, ot iguey nousen and dier oss, A though . "
M.0ATA .4 P provious seidmee guggents this would have ddmiubahed wiek Cone ot depth, [t ‘
4 . !J.\l‘ . Wit evhdung that the b=t Telmbs eveil ot the nlowel tale wan et fecibee o i
i . X AR Brevent fog HPNS,
1 o LN . !
‘ tt WELh (he new JUY ATA (V600 18) pressute s Tt bl oal Hhe
a¥ediphaxslan 3p-hirony.aiphaxitone Vo Habl faberatory In W24 4 merden of deen Toondx alven ol bl AU ta®
wan bngt lated,  The e pretmarey ab jeetdver ate Pt to ontab okl the pelat fon
shilp hetween o pdvon partlal pragante af nitroge s aml the vite of calilirin o
tequired to prevent 8PS and secomdly, taodetoraiae the etber i ol foaplaed
Wi denn Uy, hwdtastat b presgoce and tattanle ol saadow Feapd talony e
. N chrealatory paramieen,  Theee Joelode Ui dvapiea pepartal by nans doep
Flgupe o divers ot avtertal Slood gasen during test and exrecipe, te exper bimentod !
y N . dlven per vear are plasned vt vor baldesn changel o at ow e fooalady pwe 1
Detal }:;'yﬁﬂ:ﬁnuﬁgrn:'rv:igm'g;:::"g;';?:*7":20':;";""';f“gm’,{:x'nﬂrozﬂ;mmiﬂMg:m,h\): lEropen pereentagen and (e raten st eotptesn Ly, ag 2Ty tod 1v
travant aontrol at 4 ATAt middle tracent untronted Lramor( bottom trncem: rane Dlghly Ceatned wob e \ ‘v
tmnedintely af'ter adminintration of  AlG-alphaxslone or 4g -hydroxy«a) phaxnlone,
Hots 1n bottor right brace nmall tromor mipnhl nuperinpose! on tho reapiintory AtTantbn I aogan an Aprdl 19y 1979 wiih b osob focta compronnml willo 4 '
aignndy TimMe har Ln ench trace represents 1 ong Heovn HoZog i the very fant thme of 12 hiew U mbon to At i (1049 1LY
A5,0 ALAY whure Chey apenl A dnvn ol extennd ve pertorewnee, souraphva ol l
wleal and pulmenary et {on exporiments (Fipo 1), I IR TR T T TR P TO H
Par fust awer /odava but ot U AFA Ur tathet Gl e presiognly meoowaal !
une nt Ut ATAL Hiwever g dne G Shonds®™ at B0 1, afte) mgimentid pxypen
W ok o e Breathing, pecompens ioh wan ande te 220 00 @it o dh i beld, Gt !
decomprenaon Wt S.6 ATA D wak made at 1 bofiee G the e baee. .
Moamurimentn 0! aub et b mond a0 46U 1 stown] 100 ased Lemden Do !
Conard withdenwn, depresoed, e
KA I VuMitg,

oxutedy dvowny, Tethatgae, o lumay, ig
g hehavior whilelr had [ wd by day 0oty moRt flendi oxeopt (g

fretrgy wind tenaenesn whick were prevaliat theoaghoul the Clme at mandnam
depiin. Sleep quat ity wan oo gupiog Hhe e a)
hatves wdided to mome o thesne Lapress losa,

e

L0 WD TRENER e Hotah e o, wenne bty 6 togging 1 Heby s

Lot MUJTo, Toly Hald Gaberaturyy D Culvers s Medloa) Oeater o Burlam,
Hotth Caro® ey vt A

man Lo e I Wil o

Soe R Preenasire debviean Svadtome iR pros Db a bagmbdab le loftat fon
Eeo U abs ) LTty b man b dlvu b ey ppedt ddeptting

premiates renter than I ATA (00 )
troimer s,

Hapbed compeenalis 1o
Pidans o allrrduens, dayure
vt e s sone lence with doteypioeat Loty I
Tt et ar UEvity whioh at o sub B fent b LIy peesiieen vpused convntelans i
foanfn o M osman dbves Lo dh ALY 000 1) or huL ATA (SO0 8t l
WL apep b bonab by anteslbatde Vra 2 odavs oo Pounfon par pesudt gt I
Aty faestal toowsrk efile b=y, Varlons stotepdon Phereiore bav e ;

vl g,
wilatmane e o higsgen

wl FEE val tes ame b Borale the sigos and symptems Loe Lk Dag wo fee 4o of Tenw

sl L by ey alow wgponerd Tal compresmlon with alages 1or wlogd ot lon, usre
wx vtwdons 10w Teww desyp oanbarad fog and the e s bt o,

ars Clus Dotes Mal b Ltk abury

T B dutexyet te cnntral Che 0

wlinllen wiil

et -
clEteal by wpadfed the w0 oo el pitse
I a sl of e disep el viea el acbinagd
oWl DD b dtiomsed here and rebaload te o the cyppent A Tast e
prEadert ol Aleep Aplmlg renvnped [ oalfsern ot &%,6 AT Gl Ty,
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i Lo #roffle for Camt eonpresnfon Trimix Jdive
Lo 460 1 by 3 subjects at Fuliy Naty
Laboratary Aprld 19th, 1979,

Tromusdintely after vomprasnbon e ddveen experloneed IPHE wish variour
degeoan of nanked ind Fatigues  Intedfuctunl purlurmaies Loste Lhroughout aay
by duw to bath compresnfon rate and prensura (Fige 2) fmf{ratwd a duerenunt
almon. Lwive that ol tha wecoud snd subsoguont diys, when the renddunt
vi fuctd probably wers due tu hydrostut e prensurn alome,  Botudn to wormnl
v baon oeeurewd during dacomprusnion by 11 ATA (Jo0¢ rt), The peychomotor
(ontn were [ouk affuctud (b genaral, hat showed o simdlap biphanic dopression
of abtilty ewpecludly T the Botmett Hand=tnol tark which of duy | vas
deprengod by 490 but by days 2 ta & by anly WX,

Kaen vobudy - IR TaLts (ne emreet?

S

Fig, 7o Maan percentagu changy fn (ntellvetual porformines
tunte of theow subivets comprenned rapldly to abl
durim Atlantia 1 whose profite ds shown dn Fig.o 1,

Yostural Lremot wah abrent but intontion tremor wan morked vhilon caused
difriealty sttt artarta) conufation although (hix wan aeeompiinhml satis-
factorltly 1n all three subjretn, By day 2 withough Lhe ddvers appwirid
normil apd conploted all tanka satdnfactorlly novertheloss thov ten sd to
act more wlowly,

The KRG whowed an locreane 0 al! Froguencios o day |y with & wed @
activity remchiog pudka +BY% and HuDX above normal renpucijudly, and oy B
Troguencies Liersanud ta +10X and +10% By day & the ooand B Takt tregiae lux
hah Fatlen to butweun -10 and ~30% below wormad, fut Liw & and © remaiomd
IV wbuve normal

Although Lhw ddvers wore ablo ba Tunction webl alter duy 72, eluncly siyne
and wymptoms of NPNE wary prasunt.  In Rarch 1980 the aomo peoftls wiil b
yipeated wich tha dame wublecte with 10X vuplaciug 3% N), A direcl com
partson Wil thew be made brtwenn tin el fleary of 105 with respeel to 5% N2
1 eontpolin, nPRE In uxtrasely fant vomprosuiond (o 10 Tto 5t whoubd be
pusnibly too tu di-forentiate whleh aipectn of 4IRS ave amviivvated by Trimix,
Wieh Ak puntural tresors, and Which sot, ot sxemgple, BEG changen,  Gertalnly
Lt owould wppear from i comulen of Abbmitie | Lthe Tedwbn may selver whilen
wigm. vr Aymprome af WIRY are prevented,  Thim may be related Lo rscant
wvidenen which suggentn thnt pressurs s narcosdn (Anvathesia) act at
diifeeent altww of the central nervoun wystem so it g unitary antagonisn
fndevd way ot be tkely,

L9 2

THE EFFFCT OF HIGH BRESSURE ON CONBIRACIVL LIPID-PROTEIK INTERACTIONS, o,
Galla and J R Tro Stanford Untversity Hodlear Centor, Stanturd, GVl Foanta
AT, US0AT

Applitatton of hlgh hellum pressues (100 ATA) Lo hilayer ownbeanes af 1.
pataftoy [phosphal Tdy [t foe rasulits Tnoa 2590 incrsase (0o ihe Tlpld phase
teanvbtion temperaty-e and desw tle adunges toomesioane Phglbive amd Tateral
compteas by (13 Thiw sflect Is dae teoa Lavoe difisrence fn denafttes
hetwanh the sabld and Fleld ehases of the shoepholiphd, hlgh oresaase nluays
woyss an Al Vb ium teward Che more dense phawe. Hoesver | (e teportame e af

HIGH PRESSURE NERVOUS SYNDROME

1hese Lhanges to Biglagica)l syslens dupoiids on the estent to yhich rmbioane
Sroteinn Tncetact awith amk have thelt fop modilied by phase changry o the
phoophob by idey This o per describes the effect ol hilgh gressure oo tesbt ane
contalulng biuhly coopurative proteln<phospholipid elusters.

e "}f,,‘" ~—

.

i

Flyurw 11 Proposal for the donaln structure ol the polymyxinsplun,hatldlc seid
cotrlox. A veparatlion 1nlo Lhree areasy of different ving ng proper-
Cley hias beoh estabiished (from Refsrunce 7).

Very recutinly (2,1), & couperative [ipld-protmin Interacl bon was tepoe ted
hetween Wpatml Loy lphosphat id)e acbd monbrahns and polymyxIn, a decapeptide
antlbklat by sareybing Thive pusitive charges which can Inturact with o negallvely
charted wenbrane. A hydrophoble tall anchnrs the molecule witbln the Hptd
matrbx,  Windlne of this popllde causes & ohase swparalior lon Lhe 1hld matrlr.
Domains of protern hound Hplds are formed 1aal exhibit a lower phave teansUlan
tomperature than tho cenalnlng pure phosphatiule aeld bhilaynr. Il olisct by
due tu an expansion of the Hipld matrix in the protein=11pid cluster, A model
wan propossd (Flgure 1) whern an fnner cate of puptidesbound 1ipld Is surroundsd
Oy an anngiar ring of fess tightiy=hound Viptd,  Thiy autet domgls |s st rognded
by thw froe phosphatldle acld ateix (2),

Hlgh prassura applled to a menbrant contalning these phase suparalfong
foads to dramatic clangus tn the Hipld organbsation, Bun resull [y a lony
In the enoperallvity of the bindlae « ocess al Y00 ATA, A rigldtflcation
af the Tipld matelx Is assoclated with the 1oy of cooperatividy, A second
rusult 14 a change tn the rtelative aren of the thraw domalus afisr exgiosure
te high prassure. At low protein concentration (c @ 2 Kol pressure causas
mombtanessolvated pruteln (Ty In Flguee 1) to ohter lnta the dnner domaln
structury by Increasing Vhe annular 11ng tdenotnd by Ty In Flgure V).

At high proteln cuncettrntlon t3 Hol? v v ¢ 7 Holl) pressurs canses rwe
organtgalion uf the clustet proportlons,  Thy stee of the foner core {Tp s
Flgurn 1) dlninlshes, wherear the aonular elng (Yy In Figurs 1) Enervases,
The peotuln solvated tn the Frue Vipbd matria {1y 10 Flgure §) 68 vedlstribe
ted Into the othar lwo prateln-eontainlhg domalne, leavinn porn phosphatldie
agld In 1y of Flgure 1.

Oour wuper menty whow clnarly that pressurn causes deasatly eftucts on
Hphitprotalns Ibteractbuns, especlally on 1he so-catliad houndary Vipids n
the surroundings of a proteln meleculn,  Enpynatic reactlons Lo a blologleal
mprlirane qre known 1o be controlled by cooperat | ve processes.  Qur eaparl -
monty glve a measury of the effeet of pronsyre on thawe processes,  Morsovet
Lipht compunitlon affocty the actlvily of sembrane-bound proteln aysemntd lon
(W), The tasulty prosented herp shew that wlgh prssurs alters Hdbd-protels
InteewcUinns whlch coutd Toad [ooan alipration I the bluthkemdcal function
ul manhrane componsnts.

Reforuncen will appsar (v PROCERDINGH,
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GURKENTE 1N A VOLTAUE=CLAMPED VERTRBRATE NENHUN AT U DLKHARLL PRLAGORL.  Jumy ),
Betstias Pyl Depactount ol Anestbusla, Htusford undveraity srionl of Nediclpe,
ntaatutd, GA $410% V.5,

Inteodueb il I previoun atadien on Lotk vertehinte snd fnvertebraty aasen,
we have ddentitied apnd charactutdand o phenowonon wiidch way be relatul to U
litgh presaury neevous ayndrome (HENG) (Kendig, b gla, 1Y70R), Nome anonw, wen
axpuned Lo KL pressuls, Wenetaty fupetltive dwpulaes (h T vapuse tu e wingle
sblmuluns  An pranwure focrvases, the tralin of repetitive tapulses beoums
fomgory wysntuaily Lhose axony bugin to generste impulave spuntaneoasly 4 toe
abmutien of w o stlantoa, As fu Lhe cane with WPNS, preesuies{nduced repet iive
Lmpulsn ganuratlon in tahibited by snaathetic agenta Clendius wb glys 197180},
The phunomsnun can he obierved at sodurate pressives well within cthy cange Aanyo-
clmted wilh (b, fe, Dol $O=1ull svmosphecos fabtndy D Thore studies aklia-
eollulan recording tochubquon vare waployud; analynin of Lhe baulc mehanian van
Chutafute nweonuattly fimitude  In our present Nbudles v have tuiaed tooa
virltagu=clanped proparatton, Lo which spmbtane fonde currentn can be dieveily
wnh (Lot ad,

Mytliogp Thw node ol ¥adviwr of bulifion (Raps calesbipig) setatic nmrve
Anun wan nipalged for vollage o Lampiog by o twelnfgue sleiTar to thet plevivunty
denceibod (E03e, G970y tourtney, g8 g)ay 197000 In addptiog the pruputation to
the nyperbacie chamber, tome woditiratioun were wude (0 conf igutat fon ot the
wisctendusao b (o voutactn and by physdeal placenent of the slv tiundons Mhane
mud b beattonn d1d nol alver the propertles ul Lle node me deiermined 1o ooue gre~
vioum wludien at normobatis prowwsrs (Kendig, o8 gloy 197%) 0 (e aoluting 1y
contart Wit the anternal wittace of the nie Ve Eollowlay romnnil fea)

Naed {1h niy REL 204 oM, taCh, 2 My HLPLG hufler 10 wMy pH vae adjusted 1o

Foheo The wolui Lon &l the cul ends of the hidwFiodal swjeunte wis 10w KL
Iftwred with 20 wd HEPRE, pH adjuated b fody Partlcular vate was talmn to va~
lwde the pomthility of wrtitacta bntroduovd by (omperatuin cimngus,  Jvapr s -
tute vam nondtorsd by o prectaton thermiatar Lo the poud tontatiniog the goae, onl
vantralied by o thavaoslec (ric dovice bonuath the Clump chimbare  Teuparalute 1y
e ol comtaintng the node vas malintslned at 10" G, the steeto 1 temphtsiury
Cur exped bmenls ol this type on the sephilbtan node of Mauvivi,  Hesauromentn vete
wade wien the tanperaiury was within G437 @ al the custyel valuey duibog chunges
i proskute LEanklent Ietperature wheubwlons wese Simited to 2% Lo Tempe) wtare
wan Alwe mttiiored by o micrathermletar 1 the gan phase ahuve the nedeo b
name cannttalule of Vimited smourninn atml gt oo conliol tewperaiot ek Wi
uheerved for temperaturea fu the gan phans as (0 the solut tan The mode! e

67

I A e e s 4 eth e b o i kgt Y et tsad Ao s sk 4+ o Ml

PPETINE P =

ST

- B mE o




- rma

HIGH PRESSURE NFRYOUS SYNDROME

brine wan lweld Al 4 tvanamenbrang potentiel at which 202 ol the sodtws hannein
ware inoctivatud (h o« (0], usunlly BU-%0 oV, Hodium nd polawsium chanitel [uies
tlon war Ansnasud by lmpos ling depolavtaing tost puises of varlablo magnilude awd
Aurdtion, and monitorlug the trannfont (nwird wind study=slale vutward vurreats
carrled by wadfum and potuasiun (ons Tespeetively,  The prowsute chanber win
slmdlar Lo the vov uded 1o our previcer stodtes (Kendip, wb ajg, 14790 Compruss
wlon wias earrled vat by ddmittlog hetlum from o Ligh pressute eylindat, the gas
phase ahove the Rlnger’s wolutdon vonalating of one att, ot and Lhv baban o
heltum,  Predwupos vanged fron one to [OU atmosplivkes,  Comproskion waa c-reled
out ap rapldly me Lemporature continl pmmttted) 45 aibuien Lo sue hout waw re-
quired to talse the peassure to JU0 . Partial docomprension wis cabilod ol
auccaunfully Lo some casos, and complute ducompreasion to nurmobarie pressuta by
# Ly Presnure wffects wove reveradble ob dacomprany lon,

Renultn Thin vuport concmins Lienlf peimdiity wilh ¢ Lindiog wideh may
aveownt (ue Lhe rapetitdve fupulee generat.on obworved 1o var aariive oludien,
Uy cumprosnion, there wvas a consistont, prasnatustelated siil. o i ocatrout
teqilrud Lo maintain the teansmembeane potentdal b [Es prodel level ol gu=yy
wYy the direction of the shife corresponded to the generatisv ol an lowatd cure
ronty Ui magundbude vartwd vonnidopribly woang propucatioun, canglog from barely

deetible ts 4 AL 100 abms the current wan wtuble ot purlode up Lo 20 win at
uiy LIven prosruree Thu vurrent Level wis tontored o control valug on decons
PEvse o

tud cubbuitt was dupular tadig) wodus Neld n the corvonesclopad cathor Lhan
yultagu=clompud mode shawed A peensubn=ralated dopatarteat fon on compression,
Gurrent=clampod toden dupolavieml to Lhe point of bluek of setion potuntinl
gwrarat o did pal complevely regati L contrel runttn, poteitial on decuiproes
wloly hovever there Wae s retuen toward canirol vabluus, Lo the wsbly wiagus of
comprudslonetaiatml dopolatienton, Lers van o duecadse L theoabioda for action
potuht Al fntt it Lot

Analynin of the Basis for thy (waed vuerent tu vol yel completes  tme puw-
afhiily consldored wan thal 10 might be die Lo o decbuake 10 potansiwn pubows=
LY, by anulugy with the paesmaker dupolavlzallon of cardlae tioaue,  Husevar
Dlocking potansion eiaaneis by application of asturndd tetraethy Lawmoifoim chloys
fdu (TEA) or wubintdtution of CkF Tub b K21 1o coutacl With Ui ont ihturnadua
dlt nut pruvoent the appoarance of the fiseed curroit,

Ulavunnlon tThe Wuntity o) thie don veaponsible far (he curbonl 1e ot ywt
unlabliabodi 10y aw wooms Likely, potawstus te ool dnvelved fn [ta generallun,
Uit an doeronse {6 pearmoability Lo sudfun (v & posniblo caodidotay A prossuros
celuted dncFuawe fn lon conduelinies Bud focantly Bown repurted Ly fuvertebraty
proparatione (Matwentior, yg o aly, 1979

i Lhin Lovard curvest vosoieibly tor L repat Lt ive weudvity observad In
other axunn? A dopolariatng whlit e mumbrane pobenlinl, WL ae ompuuying
Enwitrd curFent, will produed rupetitive sctivity fo axens cupabido ol gunerat loy
tralun of lapuiawe {n componng to 4 peotouged atimilus,  Repubitive aclivity vin
it uhsurved fn the prassnt Atudy) (he lapje wysl{iakod unryen ysud by Ll
WApOT Linenew urw probably motor oeurons, Whicl In vertebraton do nut suppoil me -
thple rewponwes Lo 8 cunntint vt lodusy A wimblab dopolarieing currm howevutr,
would have prodiced supotitive aetivity Lo the fuvoltubrale awe uned o the
provioun studlon (Roudip, 19/88) [t Lo tuntatively proposed tidl a prosuuius
renpunnlve toward sarcont te Ui bukbn Tor thv prashutu-guastatud vapel it bve
iNpulie qetivitys The svidence Linking Chewe plunomena to NINS G tidir hut
plusible) ropotitive topulse gunoration has bavn ) inkwd Lo some dyugebidue sy
cubivalalvo phenomend, and could wall pe revpunnibile tor the unleute detivity
nasnciatnd with RINSy  The lower theewbnld lor setion potential genutaljon
abdurved at woderaty proasuevn would alng contribuie to n prossuces loduend
nerenne 16 excitability whieh might well bo lovelved Lu iliKh,

Weleroucon and Avknowledgoments wil] appunr fn PROCKERDINGS,
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BETTRRERTIAL DFULU L 0F PRENSEI ON 115 MAHBALTAR CERIRAL $ERVOES Bysim.
Fotie Rindhmaussy Bl Bemnet by oaid L, gy oo Tl Labogatety, Dk

et iey Hindbend tenfer, borhamg Horth Cavod tha, 8,54,

ol the megt s UCER T A baeanee ol gl prossoras on BieTopleal proe
cennen b vxptegiva 40 sl terat fons nb tam b lan of osctiabbe Pasaong sl an
clnges i muee b Comnbon (Catted T and Bdwnedn, 0 Lol Gomg, Payslal.,
Trffe s 1080y ar i exe Hab L0y wwd condue Gy voloetee in aerve Pibors
forundlont, Coid. Spetnyg e dymp, Quant o Blobey At G EH2, 198,
P futnct andmndy the ander iy Oy Blophvsto ol atd blochemionl alowiat fonn
aftoe b e tabe ofumantn of Ve neisvouk Hydtsn - sembiranes, avnnpeing, il
o farth, and tranrdate dnloe a compbes chindie B0 eventa @bl man ] feat Chom-
e dvenc e swptome cabbod the HEgh Veesigeee Horvoss Byadeame (00dE, hroaey,
Grovan bdunt ryy SE2H= 18, V) tn mdmadeg thiig process s loon ahaoyved e
cotmbmte {o genetad e seteoton dber sremrurioc ace ool Hefent iy high,

Anatuomtsal by Vhe laby be kaswn Go b opganiesd bita yeglonn aubwerylng
sgrec b Tun LioBuy Fven thaugh extenntve tecbprmoal comect foun s lat
fetwomn ey done wetving fEEsrenl aw well an wimilar (onet Tosg vpdTopt b
prizuten bave hewn thouglit o Feequently aceat an s tonadt ol andden Chumpas
o Thslted toghon of Dl contral pegvonn vyslom, a)ten ot (et al
cordene b e ey nomdl adee be connddetwd fo the case o of webraren ot
hvperhatfe ot fgfn, The afm ot viba papel Tn G oxmmine e geralis of 4
noplen al aperdmenta (e semin b Ean mevoun myutom aned sy bve ol wows
sl Donefe ot Ll mabemds af ot taetorem b avsd e mont af ber teal Uy expoonig e (w
HERl (rensune.

M verebedtum, Cleetrosnonphin Lographbn b whew that Vi typiond
k-t e patber g gl pressuresdicdieed aelzoran can be e otded o bl
Caneeialy Crom oviry a tacfar e we Cat smamfned TVl sovree, o aopung, ped
st Teany copelin e, tetboular fogmst bon wid vest B e bel (0pamee o al
Prdebuaa Blomed, Kooy A0a03-80K 19770 Kanlmaon, vt b, bnderwes Blomed, Ry
Al A2 PHE sk Sani-deg baabe We band Che patt e fpmt bon of Uhe et
Tt b b nfarty foterest g, becmime g bt ol amt b had sagpend o
Chat the serehe L be Davalved in tedeiet b e mods et B vl pgves [Conka
dnd Hubdery Lpffoputn, Aarlg S0 PR Tie dvatane 2 fan wak afan boy bovil 1o
tebrbhute Tovapd Vhe sout Ehibar sy tomn ol BOHE (% wo al., Fodetung
fiomed, Kew, o TiATD, 19740, When wie compnred e oG tn vl penate s
wermnl vars whth those an gabs @it cerebe ) dat ablat labn, we Foined nadens
haten b the convulaton threslo bl pressarer pormal abbmo ke netsed gt
A by while cerelelboctombrad Tatn wekrod ot BY batx and ot adoed abaod
Twloe the nasher -1 sk the Gt thmt W onvubicbons wet e agpt sval o
By ocephie b Tar pemevi] da e betend wil the hypothenis it obe ol the eblectn
at progdare LA des teane dn corehed bar tuhdbitory tane . dlewever, the
Cedatively amuleat change o eninne thiesheldy abvlough atat dad boadly nipnity
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vant Up A ] e mERal Dy el e BEHS vt e D Dbl promgs,
Avpgents Chat tie tumdise il provessen et ting b BIHS paseoesd e ol
stantla b1y wnabteeed tashion desplte oxtomcdve pomoval cf o Lot st raeluee
ob aretor cantials This won ool entbisdy me gpected !l Hiew gresinre s
unllorimnly app)fed to the entlte organteeg teutal Dasctioning wonld wt il be
altered o the onotmous pool of colls widel conntibme the romednd ot the
CHN W ek BLab Py eacinen accrTClead Tose b, 0 Temdy te o o dlnid ta-
noausly throughioul e pool, and heee the woteares, The capaeity of the
cupobielium o madulating thin pervasive procens weoms ta bo relatively
wmall,

Munt atudios en Ulasued fo vitio requite eolat bvely hlgh prigsures, above
J00 barsy o allfeel pavamoters such an act fon potonttal ampd (tade and condoe Loy
velocity, vr meimblane vrendntance and capa Etamae,  Flie quest ton thew nrboo
an Lo tha sige of the nouronsl panl necasnary to brlug aboul g maximal
respouney ur Beiruren at the lowor predsures (190 barn) usudlly oflective in
Intact mammale  One way thin quostion can bo addrokacd Lo to examioe Lhe pros
RIeRRion of WG A Ll bervesd by the disntal portion o) @ craniectod wpinet
coprdy thuw ettt tng all dnd Yuencen from the hiphoi conlers,

e spinal cords Long apo Ebbocke (M Jdgy Arch, gons Miynialy, 8371
T09-789 19 30) roportod Chat bhigh presnars continued (o svale Kpunt iaodn
vontrael bone §n the hiadl fmbk ol spinabieed froge, but thin tiading eould
b overit b tn Diquidebroathing spdned micw (Rydwtray, fhedones, 158079 3= May
1967 Wo pettovoed the expovlmont i ratk breatbhing o hwelion exygen mixture,
tworty Wintay tule wore bmplanted with BRG wluctrodon over Lhe ftantal cortes
ahnd aliveed to revaver,  To 1h the spdnal cord van tratisoected at lovels
T-FNYy and & werved aw unoperated controin,  The anlsads wore alloved te
rocovir bul three days, durlng which time mplond withdvawal vetlexen recavered
Hu thal elearly delined ronposwes word vvident (o patnful stimulle 'y thyoe
uf the aptaaiteed antmaln, sploal nervis Ld=Lb wore sertioned witer exiting
the Interesrtubral futamtting thus tulaily demsevat log obe Bind 3imb.

ay the day of the expurdmont, the antnad wan naenunsded 10 a wholeshoay
slieg with all Hinbn langdag frae amd secured Dnndde o 20K Vit proeante
voskul,  Roedlo KNG odectrmdes wore placvd fu both Wind Debs wnd one Tore ml o
Guuprenston took plove fnoa Ruedy almosphore at 3 bae/ming to oo mgtoum
Provrure ol LD harms,

Hymptomn ol MPNE (Crapors b myocetonde jerka) In Che tore Himbe ot
wpinntteod antmets were Indist togulabable Trom Chone ol Intaet anfiming bes
coming progrens] vely e fotense @ith Ineeoanley ptessurec Thin pattern wan
abde ubrepved  aadal Lo the Tentong bul 4t o mh dower dnlensity,

In o dt antinkey, bneroasnd BMG wetivity wan unually soldest at abwoul o
larsy ouwel of vinihie wynptosn progeonaod Trom wlbd Daonebenlat foun at 01
Batd, ‘o tremurn and myocionte jurkey gnd seleness botwees Y0 and LI byrn
(FEg, 1) Limbs whone spiand seeven had boen see U fosed, un the othet b,
romibovd flacetd Uheoughoul the proskirs ogposure, Activity profiles ron-
HLEdetod by canput b the aven euvolspanned By BHE pocordn a0 10 o tatervidn
revealed fhucbustdon ol intenn ity with tacyeaslug Preanurey nuggest ting
Lhat the elfectn of prowsute do nol progrors fnoo Hwar daahiog throughout
a piven expokuree Bo vyldenes itk Besen Blil Lo Liresiwid Jor prowkure
wlitectn at Uie npiind tovel {n different from that tn Uie bralne Furthers
oy b0 De o evfdint that the nestonad poot of the spiagl coed Le nuf[ictent
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Hoochange dsosken Ly the BESD O DTotenes tromar [ the Drogiad
thubk (F, EHG) voutinuen s plerruited,  Lowest trme dodloaten
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to muntwin maan bvi, wynchrobbeed dUacharges but Wt the pet ipherat neevie
Mt fe wyslan has o wueh higher threshobd,  Thawe romulle are connlstent

Wil (he cotcept Uit peesinies Aflectn Ldentdoal neoral slomente 100 tie ki
wine regatdbenn of wiees Chey bappen (o be foeated,  The sxpronefon, o the
cnnuoguene s ol Chewe ol iUl owevir, depeadu on the otganbeat ton ol s
componenta, ol Uil cai be demonsteat el futthet by mean ol evoked gotent bnka
S ded at diflerrar pointw uf o pvthiwny,

The yinual pathway. We thowe for this study thae genloado sy Gale path
wiy of thie gidoan plg, hoalalenn wteed slectosdes were tmplantod i0 the aptie
chianm Qoo d datural genleniate nuelous (hogona ) b the thalmman, and Hha
Wtedate cottex (Horwa )y Tho pondt og of el edecbbode wan banet jenad 1y
Ivsd feed by puenpaldng ttw charavtorint e renpotne to phot e gl imiiatjon .
Aftor woveral duyn ol recoveey, ghatt Intency posponsen ot the 1ogon.

00 mere) wnd koo {050 mee ) Were tetetdal te slsctbonl siimadl G-
JU piAy ot 00 e Caeat bun) aeptied to the oo, Amplitied, 82 teapanee
weyuen en wip v saniied By moate ol nighat averaging computer,. Responses Lo
promsiren up ba W00 fura Bl 0t 00 ey incremenle were somparsd with
Fepieub b wiCane, o v bely ol wy dmodae tabenallley,  fetoaptetal bon
of Phe preayioipl Ueoamd postavaspd o companent® ol the svokemd potentleln was
baned i uswlo Al cplteia,

At the Log.o., erporiie 1o prewaute cewnbien b viotually co chwnges
in the datwy b oliher the prosyiapt be ar posdbayimpt b compoietia of the
evabed pewpuottion (Hig. 240, swhich rorrelale} noarly prtlostiy with small
oo eionn ol Vemperatre peootded ok the exper tments Dccasbonadly, the
Pratasiapt o rempunnen aleo showed o dee Thie siade b bug the sflen i ol wynapt i
fattgae. WOl (e #ifwiin of prewsars on The evoked tosponnan poonpded st 1
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Fige 20 Bvoked potentials vecorded al the Jateral gewleulate
nuedeue {(A) and the  Cplate cortor (L) of o gulmen pig
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HIGH PRESSURE NERVOUS SYNDROME

ae o conntant levie )l ol netve ok bhatio, (e amplitmde o the 3w [owe
Ve, WL tewpeet Lo tiwe bade Tiae o Che SHC G teanes o sdepbine Sacle facsly
tation wan powertull to Anfmals who doeplaved some fetal aplamls Txh C Nome
cane) s Faellitatian procwsls thie orfslr, and perninta atter § than tacblitation
winwly subniduk,s N CRU/00) wave undorgoes espucially wtrong (acilltation, A
mtartie tunponde (00 we Latency i aeck tumelan) 1e commons 8 200 wave deve-
Topps At dupth an a SEP diee tooa steony terve wtimabation (4 wiximal leval),

50 Thy recevery eyelu of the varfous waves at dopth diwploy: sodul aly
But Taxting inbtial Pabibicion, without Jater tacilloation,

. o Kol SEX ovo wimdtay eo sclotic 5P, {n thoar form and depth varfa-
tlons s The [pxitatersl ovoked potvatiala from sciatic up wural escitation
are nimitay to the vontvalatural ove {0 thelr shape and variatione at depth,

Foothe polyeynaptic cofloxes U Autwsfor Pibialia) due to g waral \tain
ul anecks undesgoes igh CaclH{tavion, The wonosynapt{e retbores Gn Holeny,
dee ot diRplay wueh high taellitation = not reciproval {shiblitoon,

B A dittuivine wan not fuund bolwoon $LPF s {cdtad in wivivanment witly
4 without nttrapens
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Givan the data wmd thwary of Crsutsluid 0974) gt cortloal moeliai] wms
Lot SEF, and tron the review by Bolvie and Pert (1925 on thae avcandiug pathe
wayn ot eovodea’ fapul, wo conelude the Tellowlon Tol S0 at depin

be botmbsed pothwavs funetfoas ace wot dopafted at depthy nelthor by
vedoc g of 1w fopulaeny nov fn aynaptic capacicy ol translert (pauc i =Kmage
tic bukage at cotrvieal of Uhalamie of eortical tevety,
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Suchovarfntiun van be due to leeal eontdeal mddtveatoon, of to tnadambe med
Heat fon ol the Wiatamescortical pubat foaw,
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HIGH PRESSURE NERYOUS SYNDROME

eventH renporll quite dEfferently to mandpaiation o the compressfon coud it doms
md to drup pretreatmont,  The chavrved differencen are numat(god In Table 1,
In witdition to the differencen ohuarved {n the adult animal, wtudtes of matura-
tion of newborn mice reveal quite differont Hme courwes [n the progreweive
changn It sancuptiblilty to the two sedgure typvs. Biuce hoth sedzure typeu
dre rocognizable fn the majority of the moune strainw examined to dute, {t haw
boun posnlble to undertake studlus concerning the genotien of susceptihility to
Tepe 1 and to Typw 11 selzuren, Ilure agaln, the deta reveal striking diffup-
e In genetde conbrol of Typa T oand Type 11 convalnton,  Findlly, vadioag-
topraphie wtudlon utidiaton deorylucone to detect regfons of enhanced glyeelv-
win prosumably associated with localleed paroxysmnl activity (u the brain of
unlmaln during Type 1 amdd Type 11 welzuven vovaal ririking differencm  Type
11 wedsurun fovolve large aveaw of the cortex and mid-line wtructures of the
thulamus, while Type 1 sedaures ave veprosented primarily fu lowsr portlons of
thu hrain, including (o paveleular portionn of the ancending raticulnr forma-
tlon and the ventral raphé couponwnts of the upper braln stem, un well ax the
posterivr hypothaiamus up tu about the level of the aptie clidaam (rig, 1},

Taken together, the deta {ndicate that Type | seizuren reprusent o unique
paroxyuma) wvent, the propertior of which dintinguish ft from virtually all
convulaants thint have buun uxplored to date but which show a number of Lralis
which suggent wome Winship with seleurew evokud by ugents comwenly considered
AR acting primeetdy upon presynaptic or pastesynaptic inhibicory sctivity la
tha CN8,  ‘Type 11 vonvulefotin, on the banin of thin wvidencwe, cantot he catie
sfdered an a gensral leation of Type T convulaions, but rathet appear to repte-
want a discrvty neurelogic event super imponed upon the Type 1 convulefonn,
unually at hiigh presauren,

Under certain clreumstancen, threwhold prewsures for Type 1 coivuluions
ean be Inerednel to the point where they cofn fdv with thtesholds for Type It
convalsious, kit iog rise to compound convulutonn with aume uf the charscteris-
tien of oither, A part{cular case dn paint hore in the of fact of alow compros~
nion:  1F wuuld ow appear that the sxtenl to which HPNE Typa 1 convuluton
thrasholda van be focresned In the mouse by wloding thw conpression eate 18 14~
mnitwl by the potnt at which Type | convalnfon threaholdn lotersuct the level of
prowauren at widelr Typs 11 eopsvuladonn kee vliedted,  An (nterenting situstion
s hoslt ohikvrved In the Bprague-Dawtey rat whers the BINS welaugs nosn {n Lhe
w Ot reveudn complon charanturisticn, which partdaky to sume degrve of thowe in
both typen of sefxures ohworvid in the mounes  The pature of thin eveat s
clarbiod By vbmervations 16 the juventiv rat s uap unt il about thy age of twen-
by dayw, two distinet sviruren can be recopidasd (0 thin apecion an {n the
misit, Pharmaeologle, elinfeal, and kinetic chutactorint les strangly nuggent
that here again, the flrst seizare corcesponds to Type T welguren o the muse,
whife the sovond corrospotids to ‘fype T sefauren. Convilaton threwholdw tar
thusn twn ovanta colverpe after the tweitteth day of nge and, Trom approximate-
1y tho twenty-uioth day of 1o ony glve rlse to the compound welaure charne-
turistle of the aduit,

Reeapnition of the differencen butwoan Type | oand Typo tosoteures dnvites
Foconslderdat lon of the ronulty of compavat fve wtwtlen of WONE convataionm pub-
Vikhod previounly, For this purpose, wo duggost that 1t Le permissible to ten-
tattvuly equate etinteatly obhaurvil "elonle™ wuizuren with Type 1 nelgures, and
“ante" wetauren with Tepe 11 aelauren,  Dasug thewe oriterla, the 2% wpecivs
axumbaod Lo dd) enin he wubdivided into Five cateporlenr mouse-Tike - with
succonslon of Type Uand Typo U1 wedzurest rutedlihn = componnd welauves) ani-
miiH almwing Type tioaelzuron andvp plon an add itional two bews well del el
categorlos tor which to date elthor onlyv tepe 1 netzures hivwe hoon abueevml,
ar foe whieh e FUest sedzuve way he ol sliher Type [ o1t Tepe 110 0F the 1%
metnnd bon npeefod enindned o ndne fall fn the Clest catogory, three In the
aweond catogory, and none o the thlvd catsgory. Theee npeclen Tall into Owe
Yaut ¢ Induteorminate catogorion,  Ammg the len speeton of lower vortehrates ntal
twir hiedn, Tive whow Typo 1 onoteuren ondy, one may have whown compound melpures
anid Four fadh bata the two dmleteeminate categorlon,  Tahle 2 abhowe g wimnaty of
th meun canvulaton Uhreaholds far sach ol Thess grotpm, Lagether with the wpe
proprLate atandaed devtatfon of e omoan where adeguale smbers are avillable
tu pormlt calrubnt dng this atatduble, Perusal of the Table alowa Lhat winong the
theeo major tvpos of selzutes, mose-Tike oo laure putterne shoe 1he Towent con-
sulstun threaluld prownare:; an b s show g compotiind wef2uren hive subitantially
highor convababon theeshubdag atul anbmdn ahow g anly Tepe T selauren have
convibalen theestiolba wabintant fad by nigher than vlther of the other e, The
e apggeat the poasIb T LTEy tht porrt of the aamiasint o o) Jow RS conval
adesn thewchobdn wlth barde abdi Cgh by sphal [2od BEaTie nay prave to e sttt
Dutablie 1o the tact Lint b Dipdu and Tower vetbobpaten Tepe TL seliaren,
rather Chan Type b oaebruren, afton are the Cirat and only manlivetat ion of the
convilulve winie of Che HPKE D1Fferem e ubnerved within the onder ol msmalw
i b att rihutable (0 patt to the provalesies of compoiud vef2nion smoty  tos
denta, and It by subatant tadly bitgher saseepbibh G ol primtes to NPHY
canvulntons whirn whieeted o relat tvels raptl comprension,  These cons bk
o may renolve the apparent conf 3 fet between obuervat fomn reveal lng o g
Aroakive dectedar e S wincopt LY during matueat hin ol nevhorn sodentn
o b s han!, and the dacresase {n HENE convaiw o waneept Tty on the
P apenet beoseale with Encreantng braln develupment o atiet hand,

That abata aduu podie Phe quent Lo of what one might expecl to $acounter 1o
primiten and wltimatals Dnoman, 1t ban besin chown repeated by thal 0INS conval
whonn hwe eyl an o mebor wetAuten o var bonn primaten, ate genetal iy but ned
fovar bablyy awsociatod with v trhal sefzures in leads taken from the gpygg)
ot Lhe lird ke wut taew W toalure not ankn tated with Type | oswefrures In oone
wotise g o Lhe olhee hand o PNS copvalal i dn nquiets] and Rhipkas monkoyu are
nnt angecbated with any recognlsable changes bo bedet rate, while Pepe b osied -
At i the ke, an woell an the compoind aebrutes fn the raty, are arsem ia-
i) with o tranwient brwbveardio more pronoum ed Tu the Tormes Chan the Tarter.
ARadnt, I the mouse dEpletylhydantodn dovs got pntect aga bl tvpe | wedrares,
Bat et hed) s enduingon Type D canvibilon threstiolda, B date, Chin trng b
tnl besny Fonwd to elevate HERE conviibedon Ehrealolda 1o the minkey, T peneral,
Lypes B convulstons sre bean depeident upon compresedon eete Lhan Type 1 ooon
vilufonu,  Ti thy two petmaten wtudlad fram Pl podne of vlow, HI'HY conval
clan theeahnldu Bdve bsen found o b kighly wiacepbIhle o conpy fon pate
vhoapen, Abtogether, weoonwider thretore s Ehat 1t b S Ehely fhat the NINS
cotteabubone olorerved tn e wprdpre D monkey And To the mmoaque cog tesent o
ek log s swent omast nede Ty compatalibe G Tebe e tiores e mousac. CThe
abt bmate remostut ton of thia quedt fon W) have te be doferred ant U vl bombe
gtaphle vapet tmente wlbl have provided a msppiag =0 onhanosd mietalalfo b v
v I the maskey bratn comprabie to whal [uwonow khewn for Une moie and he
tat

aken ther, the data avaflable te e dndleate Bt e commilaton
WG (o len e Aal foel peabedeple owenta, tin H]at wobede by
Vo bhwedve Intertotom e whth Inbbdtore acbivity Tnoahe ¢ mk te kb

b Lo 1 dep)s ol ke byr e pvbend g Prom Oas Bt wiom te et ra b oot
Interal b paetaee o Lo the dens opbalen,  The data farthesimp e wspapust ot Vi
Pl Uhe eyant peapenabbin far W% com g atans booprimates and (R

B dn ot Lurther detafded Tovest Gt ben ol what o e A wirl b ded Dol o

Towte ontlty.

e

SESSION XV1

Table 1
DifFfaronces Betweun Typo | and Type 11 HPNS Seirurves (n Mice

Criteriut Type 1t Type 11t
clinten) tlunie Burse Tonke/elotde equance
KRG Little chanpy A ko b Hle spike and wave;
post=ittal wilence
Husre Rute No chatige} ho RD-90% decrvana; atroplne
atropine effoct Blocked
Conpronaion rate Yory (K= 1) None (k » 0 or negatlve)
Depandence
Stradn Jifforencen Harkud Few aid e ll with one
oxewpt fun
Mienoharbitul Prutwetn Protectu to a much greater
dugrve than Typw |
Diphenyitiydatuin Bunu it fron Markedly protects
Teimat had fone Benndtined warly, Frotectn sarly, w wlfect
Protvetw slightly inte
late
Honerpine Senitiren, vap, 4t Jow Little effect

comprension rate

Ontogenet i Hatuke thore Fuslslant LAt e changw Fyom bleth to
than nmwburn maturity
Spinal antund No welrurun hulow Rulagten aAlun (0 Inolated
tEannneet top part of wptoal cotd
Hartal ity Ronu 28Y
Table 2

HINS Sedaurn Typow atd Convalafon Threuhold Prensuros
A5 dpecdan of Mamsaln and 10 Bpeeten of WMetn and Liwor Vartobraton

Hammit 1 8 Mirdn and Lower Vortobralos
Typo H B, tutm) 1 B tatm)
tan hl H.bfk.'l i} -
Compd ¢ Hitl 46,7434 10 sl ]
11 tnly 0 “ 40 IRLIY IR
1 tuly [} . pLil B oahd 1%
1 or it 1 oh i ot
Nean l"l (atm} LARER [N PR LR R

e

TYR | SELZURY bt

Cret o aeazun e

Clguee L Distoibut Lon of velat e dees Ulen o beging of (1 mboe Solluwing
CO0A ey lgrone tajectlon tamediatedy alter otiher Type 1oy
Ty ¢ RS wetpmp




SESSION XVII METABOLISM AND THFRMAL PHYSIOLOGY

PP I A Baby TUe e BALARCE IRLRS A LA-DAY DRe SATRERTION BIVE AL 3 ALK
(SEADRIOR 1Y), B, Babayawa, S0 b, Hoerg, o, tlaybaughy G l'nttu! Yoot dagh
T, bty b ekt i 1o 1 R R TRAA b BTN T o
Yol osuka', Japmng '%'L'-\'h»'lﬁlivcrsﬂy at Now York at Huttnlo, lm!l.\ln. How York,
hSA Untversity of Hawadt and Tripler Avmy Medical Center, Bunolube, Hawadly
U.S.I\.\ Haoya University, Nagoya, Japan; Yobat University, [sehara, Japan; 20k
Undyees {ty of Decupattonal and Lnvironmental Health, Yahata-Hishibu, Japan, "

20

Comprohunsive studles on the ehiegy and body flufd balance ul A divers were “/d )
condur ted doring the course of o ld=day dry seturation diye at 31 ATA held in ay
dutysSepterber, 1079 at the Jdapan Baving hcfence and Techuolagy (ettor,  In this

dive, the chanbier terperature ot 10 ATA was maintafned at about 31,5%¢ and the

oy at A AlS, 0

b1l

[RY

Ay inergy, ¢t The datly cilorie intabe awounted to 2,000 - 3,000 Keal 200 .
thratighout’ [Tvey the body weight decrsaned by 100w over 8 V4-day period ]
at dUATA, and nradually returmmd to tie prodive Tovel during 12 days of decoms U“m 800

preaston, e averago (J» consumpt ton ot rest showed no siqniticant change at (mo m )

J1AYA but decredsed ﬁthUv during the deconpression and jostdive (1 ATA) om/kg 7001=

contral pertads,  The B8, yelues remaihed at around 0,85 theoughout the dive,
The reetal Lomparatuen decrsased by 0,2500 durtng thie 3 day comprossion perfod 600
but veturmed to the prodiye level Tollowing the completlon of compression, D
the ather hamdy, the mean o¥in tomporatyre docreasad ram the prodive Toved nf
L0009 (81 Lo 32, 240,189C during comprossion, Yeveled of t at about 32,19 a
during taposure to 1 ATA, and then gradudHly returned to tho predive Yeyvoel
during decoopression, ¢
oim

A venous blood saeple wss obtatmed §orlodicatty from each diver at 6oin (I/day) @
Aty during the dive and was contetfuamd 1nside the chambor,  Subseguently, all
sevum sanplen were analyzed by o 20-channel AC (ogquential Myt tipte Analyser
plus Compulord,

T giucose Tovel dacroased trom Bomg  preadive Lo about 100w during the 3
wocoiul wieek gt 31 ATAY InlTowed by a roturn 1o the prediye Yevel during 200
dotompresston,  The teiglycoride Tevel also tncceased transtontly 1rom Ohmg:
prodive to Fhimg. on the Uird day 4t 30 AA, There were o sfanfticant changes ¢ 160
tr the lovel of chotestorol, wrfo actd and bELTeubbn (lotal ami dbvect) dur tnn CR
thie diyn,  On the other namd, the Tevely of varfous inteacotlular enzyney (o0, (l/doy) f
Lty .|H.|H|m phosphatase, SRR, and S601) dncreased cont fious iy during g
comprosy don and the warly 31 ATA portod, and thee leveled off, Duetmg dorows
progsion, unly the VIH Teve! volurhed o the predive level,

e gl
| e T

It I N S e A i
"hl!"w"lll‘"“slm‘" \ ll|f\1[\] :
I, By, Plurd Balanee:  with the el ob capreesfong the ueine § e hisgan T8 4w W

[T Wi ety The datly weine flow tncreased feowe 1AV m) Dive Pettod

prodive o 1 n00e 1 m m{ throughout Ui 30 ATA perdnd, and Uhen g)adual 1y ive eriol

o el tn the prurnvu tovel dur tno decanpresstun By, 1 ATthouan the

abtye Increane Ao arine How was accompmnted by o peduction of arine owsotal ity Thy Ve 0bae Voo (v, wvne asmobal vty Uty osmcdab cteaaree 0,00 and
(teom 200 Lo about Bhimisn/bg,, the osedal clvavabce was oot siotontly higher Tome bubat 14110 abtun Aty (g ) i) i yar tea e bty ot 58 A 1y,
{10} at 41 ATAY o Lompared (o the peedive poriod, A tcrease fn the Athopoint vepesenty Uie spean {083 pdd tubge -
vaerplion vt Bay by and urea wan Vargely responstile for e aliserved fnoerane

in namatal ledrarce,  The glomerutar titeatfon rate {ostimav ol by emdogonoas
croabintne clearance) detreased by 1Wero at A0 AA Tt I thygs ovident that
the ubseryed hyperbarte diyresis iy peiparily due to ab inhibitton of tubular
reabsorption of Dotk solutey and water,  There were at Teast U7 1InLreasoy it
the fractiona) eacrotion of fllered water, Na, ¥y ured and tota) osmat b

Ul at 30 ATA, ay comgarnd te ke covrospondtag aveddve valueto The
catoulatod froe walor clearanco {urine flow inuy osmelal cluavabce) ramafned

al about o0 200 mlzdey Unonghout the dive,  Therefore, (he standard freo

water cloarance [froe water cleavancefonmotal elearance) docveasod sfandticantly,
Indleating that Uie froe watoe poabsorpt fon fram the collecting dut t must aYve '
he roducod at 1 ATA, '

ko

s

w00
Portinps the most important llmlln? In the prosent diye iy an obyervation ¢ DU»
that the pattert of dluenal varfation o greine flow onanged signtd toantly at

ALATA, Whety e datly uriow tlow way neasured over & syccossive tntorvaly L0} |

(001200 ¢ 1001500, 1400 1900, and Y90ua0/60 be nexl aorntug), the anly | ;

Hitterwhen 0 yrine me hetwien 1 oand 31 AIA was abuworved Ah fhe sverbiyht 101 il Volume A
b

it folita tned duetng 19060700 b, Tnoabher words, Wi abyeved (horeate
fnodadly urine tlow at 41 ALA could hu aecnnidimd Tor mostly iy Phe turreapotls
tog thcrease inourihe flow at nlgnt (Ttg, 23 In fact, desgdte Lhe ovrall {400}~
trnase fn datly urine Saw at 10 ATA, the uetow £iuw g bog the dayt ime
temded to decroane tomard Lhe omd of {he 18 ALA perind,  This hyperharie

e turda wAs Bot aconipdied by ano incredse (U oreattntine sxcrietinn bt 4200~ M\-

wah ansno tatid wibh A marb il tnerease A0 the pacreetioh of oot te sybstances, J"/‘:'/—l

Howpwiry the overtilght segative free wator cdoaram s tomded Yo deor nae gt

("Mu'l

e

g

dvpthy Buitcattsn bhat the tree waber veabisarpbion by abon syppressed ot night E g

at \ATA, Abthough the mecbanteam for Ehis hyperbar b noctuets 1 onot leds [3 BOO 0200 ki X

at provent, (b bn fmportant 1o podnt oot tiat the dlyecs bad to wabe up st < aou f

Toant once at ababt to arinate, therehy distuehimg thelr o Yoop pat teen, .- A
2600t

A wtated snclioe, o wardbed fncregde 0 yrine Hlaw was abrdyod with the
et ot compreys Loy which appsses Lo e vespons ihie for the deye lagment nt

e

()
= $hou = 1900 hput '
A il dohydeation [see below), IRy comprassion diurests was monl arhed o A00
duriny compregyton ba 21 ATA Lrom 31 ATA, Thin comprassion diuresty was not g s . . 3 BT N [
numnmlw!l by any Thoesaer 1o creatingne or odondal clpirance oyver e ovel ” . \mxs..__ﬂ/"-'*-.(,/@ 4 l\“ !
aliverved during the coresspond thy Uie af the prodiyve day, Dby saa in 200
tdteaton that the feee waler vealsorptiog in snmehow sapprosast dur 1oy ' o
Cumpregs bk, 400} (P00 - {500 Howr !
A o
Deapile thie prasenco of o sgtatned dlucestys, e datly water tnpt t ST . "d_,_,u»'@"“@\ H
Com bt iy U enbimated yaber ot oxbddtinn®) decreased fram 4,000 6l peedtyr 00} - ; ~u ‘
to byt 2, 0007 A sl at 30 ATAL AL U ATA atey the tutal senyibic wate |
otpet (e dine and fecal watnr) was 100 mhZday, qlving 4 sencthle walsr 400}~
tinlane e of 1,400 mi/day,  the datter yalue llnrrnl-undalﬂ will ta the measyrud I .
trepnn bl water fosqg (1, 00 mi/day), AL 31 ATA, A cobiination ot Apsiepasi g - '
watee tapat and in l’vm\lu‘l armnihle watey output Tred tnoa 50T reduction fo 200 SRR ..“h.’_\'ﬂ/" —4\'0 !
apnyihle water halancn,  However o 4 corretponding toda tion 1o insenyihle N 17(1() oyt 't
water torn {ta abhout BLO nlZday) was obseryed,  Dhoe Pindings, togother with FUNTIR T TS R i [
Thic fact that Phe body welght decreased only olightly {aee AImvu}. e ate ‘Q'Mll»“,"‘l , -\" I\l‘\ , Decompreyuion IMMI
that the oyerall water balatue was tairly well watntatned ad i1 ATA, In \ 9 3 AL & !f ! 1 ! t
fact, the qorin protetn o nncentration as wiell Ay the tilaod hewglobin content, 8 v o
the erytheocyte caunt and the bt rit ratto showed 4 transient tnoceanr Dive Pariod
anly durimg the pardy pot foef ot A0 ATAL after which they tedyrned ta prasdive
tovely, Prg. 7 Chatyed 3 getns yoluees b lerted ever Pour yurerstdve Inbervaly a

Hut bty v gy et oody o8 MEABAMEK TY ke Ceral datly witie
yolued Datumen 40 Tsq BE AL AT given nn Wi tog o thi Clguie b
Those tindUngy tnd e ate dhat the diapes ts alesr vyt dor b 4 precdaniegd cimparisan,  dark pornd reprecriiy Ve sean Cin) 6l 4w Uy
toquagnre b 10 RTA may fe Attt thoted te 11 an dnb bttt ol Imveitibie waler
Yo, At J) a0 nlitbibian of fhe tyhaiae vaabhat i ot walates and wator
a1 Blght,  Howeyer o 8 s s thie meehant s underly veup tn hgperbne b e
van nat e proposed get b corg bete ababpnie o g bnarg AN sl e m-.|
prostaglandto b vy complated,
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METABOLISM AND THERMAL PHYSIOLOGY

ACLUMPELELC MOBY L D s TeNEEE T MARD RATD PRYTCTTON al v R
PEMPIRALORD UHANGl s oy Wilvoek aned Ay bluules Dispedt tinent ot
Phymivlosy s tiiversbty ul Ab Al AN, beulbaind,

f
nepdeeiy Abegdoent,
Whenover an seetdont to o ddv g systom posults in (he lane
o ot muppt s admest e et qunstion (o be anssetod g
Thuw lorgg e Do ddvor porviyoc st s aqesd boe By beon ot
to the modicad sappott teams (e Aberdeen ant with Korth Son
tomporndures 0l abuict B0C L anly WHek answerr e e Yoot {ahpt,
T wunbd bo very useial Lo huve o papid st secsn e menhs ol
vatbint g the rate ot clige o bady tempeeat are beom whide
fne s e knowie shou) onvirabmentol cond Uienn, Thin pupor
repar s ono campater progiam doeigind o ggive aorapid o onsline
orlbmnte o tale ol changos ol body temperature £l oy Tigt #bilon
clmpios b envirtabiental comiptions, b prupram can vino b
uaml tu prudien dnbiles vednt fng baly bumpotatarem Lo g widn ey
ui g rowietcnd combittena wel to ohld tn the deslgn ul
ot etey lent wonee ve,

IS

e cautiputur mudel ases Basiv pligscdeal agust o to des rihe
(e hent eaehatgte procosses botweots Lhe bady st Ve oy | (ubiien 1,
A mstlud des it 10 thits way, oies B0 hink b proved to be gl
aproemort with experbmett o b moasilements o calr e dsisd b pled
avel nomneli ptrenter tango o rondi Clans than o o mesfe |l
don it to ase pimgri e fend Dt fonalipm et ived o o
teenssa by Pami o eange ol comdb G tonn,

Evinbanlton of the phiysfond poeatweters Lot b bos mé<baies
Bk b whspover pussiblog by Polorones G bsde Dlooemodypam e
priciptus e the absoron of eelioblo vxpoeimatal valves, sam
o the phystulogieal gt epn bnve beene "lost ont bonfon” drawn
Feom the Literniuie nil o sole oo boot tienaurud,

Horore o thoorotteal moded enn b dsod wibth cantidenes |1
wanl b whowly Lo dorepioe aecaratoly comdt foen shobch see iowing
Vhee ander d st b Grc ereomen . wi G whind evor axperbment ol

MunsiEemeni o Jnve hook inde, The anta to tesl ke modo b wan
collectod Prom 5 bbvern taklgt poe )l e Vendinbug aiel exhovlnentnl
Aves Lo depihe o o meteea, Heetnd Cemprn b unesc and wiy

OXYGEN TOXICITY
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VI Marue i b, vdden 4, FHANLE

ke dot bnnte wel coprodin b ihbe e e nbal conditienn, T aliv ot Tipe
Witk W e voigeste the sEE b vty ot van boane aenCe apabaet ol baineed ooyl
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stodlad cdbel  protoct B agents,
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SESSION XVIII

BERFECT OF EXCEYEIVE OXYQEN UDON THE CAPARILITY OF TIE LUNGS 'TO
FILEER A8 FMBOLI,  B.D, Butler and BoA. Hille, Marine Hiomedicd!
Inst ftute and Dept, ol Physiclogy and Biophysics, Unlvarsity ot
Texma Medical Branch, dalveston, Texas 77450,

The pulmonary cirvculation, aitusted between the hwart and
systemic Leds, has & secondary role as a tilter tor blood-horne
particlas carriod {n venous blood, The effectivensis of Lhis
fiitur haw heen outablished (Heinemann & Fishman, 1969) and
rovieved wxtensivaly by Chan and Yang (1969} . The abitity to
trap venous microbubbles down bo 42 am under normal conditlonw i
ovicdent, (butler & Hillw, 1979), However, impairment ot tho
tilvaring ability by overloading the yasssle with gaw intusiune
(Dyama & Spencor, 1971, Mandlebaum & Ring, 1963 and Butlvr & Hills,
1913) or by the uke of vasodliators {(Mitlur & Rilla, 1979 o by
chronle capokurer to okygen (Hille & Bueler, 1978] has boen
ropottod,

brofonged vantiiation on high concentrations ol oxygen may
load to & progresive wespollae ab pulmanary pathologieal ovonts
otften tneluding vedema, atelectaniu, afrway Aol lanmatjon wnd
wimonary hypertenwion,  'The extunt of pathology aml progrowaion
to acute pulhonary damagu te dewpendont upon bath U partial
pressure of oxygen Liwathed and the duration of the ekposure,
Numerous investigators have examined the various hemodynamic,
bioehemioal and cardinpulmonary changes assouinted with pulmonary
owygeh toNicity as discuneed ih the urcellent review by Clark and
lambertsmn (1971}, The une of oxygen Tor Lhw trealment uf
vArdous §nfectians and traumatic {1lnosses, fheluding decom-
premwion sicknwan, is widespread, lhwover, tecognition of the
limd Ly and hagatds iw owsontial,

This wtudy was cotducied to wxanine the offects that
athologsce changes caused by hyperbatfc oxygan sxponures can have
vpon the ability of the pulmonary cliedlation to sepve as a
physiological Filter for venonm aiv microsamboli,

hatepinin ang Methodw,

Eight dogn of otther sex (20-91 Rg) woero mihdly sedated, bul
it Voo tevnl af saeglea) anacsthesia, with kodium pont olaebCal
(Hoanbubtad o b5 gk B0l

onee tho anfmals wors godated Lhey wore placed fnoan oxper i
wont vl prEakant o vhamber, which was then Plunhed with foo axygen
lor approxinstely thipty mimulan, ant il the oxyden peloettin
oxvaudud 99 AOTHUR Lime the prokiut e wak  nereassd with lout
axygun to # APAG The antial tomabnemd at Ul depth oo BT o,
Chatbot s wak boud fnely monitormd updng a mmitend qan anndyner
(poykin Kloe 11003 dor fluctustions in the carhon dfogide amed
vaygon tevadn, flushbing with TUOC orygon a togid o,

Following the 1/7-hour expunire on 100G adygen ta JATA, Lhu
antminie wore petutne:d to ambiont proasuie and anacsthot (pod with
wond bum pontobarbital (kg 1okl The andima s wern ontibated
amd the omdet Fachonl tuhor conpuetmd tooa w0 Titee Douglan hag
whisch wad inddabml with Juos cxygen much That they pema il
W lhing oxpaenn Chroughout tha axgmriment . T anima e woen
Al swih to reaptie wpontansounly,

Th eight tomoaal artery wan cul dovh bor placoment ol o
Blooml vat hator  dop Remb o g Blomd prsssnis dtto thee Dhobae e
o v nr whi Lo s Bwati tiany Chormed cintion cathseber wan pla
the palmonaly ey via a cul dawn b Vi 4 gt temerdl Vet
A lae UL WAl ol atned uning the hormed riat gen technigoe,
opee dnaetted, all of the catheberm were al Tawml o hack 1411
with blood angd were Chnn alowly fhashed wid bofmgnnmed hopar tnoed
wal s 4 weml o nodiom heparind mnoak b avated any fnadsertond
Pt onlaed Jen oot bubibboan,  Heedbo ndect vaden wern pabaemd an
abandatd Lead postUbonn Loor L1 dod sleehior andiographie
tucotdiig,s A chost Shatl Abratn gaaan wan plarmd agound the
Anpmalte Uharax for monbtur g toRpirat bong e Lada | e bon
JEO XN wAK MEARUTd by AR Kpoettoau Gy CRorkin Blmer Moo sl
e Anadyust V1onl,  Arteroal and v blood o essisen wess
tocondmd umiing glandand Blond prowmiie bramsedu e m, hoesd gan
el pIl i lyew wole latermimed f1om mExeed e At ot b e lemed
mumplon uwbng a siandard Blood pan ana bymin systom dlads meten,

Atabiad Dappion monitoling was daplementied by teann
bt placemenl of Bty pratesn ovee e Tety dwne sl o
pep LAtaa ) At bon gl dhe paaht cared v bartery, The 1 e apn-
cobwiel pignat fram the Dopplag teciider Mo bedld BYInar wase
PiTosrad mnl ampd st dmed for tocardineg, Tae v iabt enrat i Aty
aften pequitied dEAROCHTon for proper piaeement of the jg-be. T
e dut ol warn Hald tn porid tenc i th vt clempn whoe bowers
wompedod indegmndent Ly b Ehe anbgi-al eyt proesaent g
attesfar b frat qtoms body movemont By vnen Fhe nargle wl
provetirs b owerte complated, vontonl o easaienaht e wene kel o
oAt e ta gl low wtabibirat bon AT phiya sloepleal para
mat o N ek . b inUolrly beeordess e a s s hee bosb b lat
P cpeer s Mot hedn Tor the peeslus tean amt bt at ey o mleg
Indbbon amind ol abr embushimm atcdige have heen paevisanly
TRV (T I EV R [E R AR MR I

Fodl Vawtnep the contral pod bewba, e n Clasr se i bab bl Ten o -pan
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OXYGEN TOXICITY

kesuiie,

In four out of eight antmats ombolined 1o thie study,
Doppler wignals from arterial bubbles were jecoprdmd, (Bea tablu},
Micvobubble wivws ranged tram 14 wn to 01 um while total gas
v lumes ranged Trom .0 mota 428 mlo toy micioBubbled and 10 nl
tor boluw intusions, helevant changes in physiological parametuis
have heen tocordeds  Mean Rfterial prowsuren decreared trom 147 dmn
g to LO7.3 mm Ng or by 27.44% [rom contvol, aptrol valuen are
from podt -orpgenat ton, pro-smbol teat loh corditione,  Pulse plossure
whd hentrt rale chanyes wern relatively minor, J.25% and 1,08\
tenpectivelyr while cardlue indox atd wipralin valuie dectvused
uignificantly « 48.21% and B 40 pudpectively,  Mean pulnonaty
attory pransure showed & sdygnfticant decreane to 24,508 trom
control whilo mean pulmonary.wadge prowuuras diopped to a value
uf 2.09% tram contiols Total puimonary vadeulal Joslulaneo
increamud by 19,155 from eontrol, while braathing treguenct s
fnersanud by 31, 56%

The phystological changus tor the Tout antmads 1n which o
attorial) Doppler wignals wile recottdsd sbowed o signiticant
vhangon from contral valuen,

(1

The use ot thoe oppler technique for dutect iy nitoerdal
bubblon  [ag beeh Ligmiounly tonted ih o pruvious sbudy (Hut Loy &
WL e, 19791 o the results Indicate LRAL OXCURRIVO v pokbry
Lo oxpgen can caume the Jumge to teleade trappwd venous bubbloen,
Howovny the ol leet (6 eariablo, as sson tn the Tablo, shd doow
tat appeal Lo be primartly associatod with the wive of bubblo
Hlterod Trom the vonouk totutn to the heart and dungn, Phi
o bme phonomenon $6 untikoly Lo be o primary vtivet ol axpgen
but 44 mote Vikely to atise trom the pathobogbeal ehangos fhdueod
by the oxyqgon,  lodesd, these wore obsetvad wapon mieioReopie
RAIBALIOR although thote wak o ohyvioug urlolat ton botween
the pathology and the ability ol the part o wiar ung to pasn o)
Leap venous bubbles,  Pho oxact pathway af Lhe bubloeps tn
pasiing trom vunoun o o tarfnl systemn 18 obseun aipd wouald
Wt bant & huch mors extensve kbdyo

The dulay (o the apuratance ol albodial babbides tollawing
vohaun ombol fhat 1o (10000 mibe,) 46 nimd bt (oo Uimes rovnidmd
whiertt olhet tactark e unmd Lo compromiss - he lung an o Lutlido
Crap Dithor & Wiy 120 0 Phin dndienten £t Uhe mochan s
co b he oo complon Chas mgmpde 80 el ol ate! mdy tove e
sedomty b himedal Paetod o o phyndod] aqent such an @ ) factght
whokie Yovel fie known te b chiangoit by oXynun [ERT UL
thradnso e ot alyy 14,

Whattovel Lhe mechantim, howouel, it (0 Very wolboas an
AL Lo J 0 TRa exenunive oxpoRtite Coooxygon cab LacdTiabe
the pnleane ol yepous bubbdes inlo arterral bloml, vipecially
whets Jue aty atheiwise anymptomal Lo venous pablidon wio gegula 1y
detectod in routine diven, Althowgh thie study dwn not pormyt
UH Lo crb et e how el exgmsng e En oo amechy 30 doss migegent
Hottbbor g palionaly tox b ity clomely iy e @ deeniipt e ion atd
coned b ing Vhe gbate ot bhe Jugen mont caretally whin
PEvact g adiit anal oxygnne Chibapy Lor brent g o cann o
"Lamb pahidn™,
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OXYGEN TOXICITY

M ORSERYATTORS OF ONYO15E 10X 10y BN GELNEA LS EXPosh D o paRkvoes oo,
a0 B Y aXYLEN AL D AT AL ) e atd B, Bradleys Havat Madfoal ke
avat e fet Doate s Bethesda, My Tk, 10,4,

The htetopatholegienl changes vegultdng (ten wxposine o Lok Tevelu o)
1ot oxegon are woll docgmonted (0 matt and ey oxped lhentdl anlmala,  lowever,
tiwre are many anpeels vl the toxle wendrume that arv mob Pully understood
resvived @t thin Clmee  One such aiea Is presont [y belng Tovest Bgaled (o ot
Pabuerators, Vo oare stadviog e patholsgte o) fecta aud/or bonelite of cont fads
oy uavRen breathing ot vartous inteendttont oxvgenssir sehodules, s teport
Ie designet Lo denertbe the seanniog vlecteon mlerosvopy (8L shuervat fonw ol
the comparative vole of develupnent wind woverity o puloonory axveen toxiclty In
gl plgs vapesod to vobl lovous 00%, B3, or 2% oavien broathing or ady at
1AM Tho mEudy wis copdaeted o yowig QU 0= 300 yad guliea plas divided fnte
ot groupel  proug 1 Gonposed to alrd, gpraag 3 tespoind 1o [0 axegendy proup
I tesposnd Lo 850 ogvgendy and group 4 (exponed (o 9% oxvgand o The expompte
Ulinen vanged Crum 24 e to 34 hee At pemdvtermioed tmoe dut tng Vhe expenti o,
ok ol animaie e remoyid Erom the expoRire hambvr . Bt atiale were ape
unthot fzod by fntvaper (toneal infeet tomen One antin ] was fonedtato by prepared
Por Wistopstholopgieal examfast fois CHIRR micromoopyy A0 branumisn ob oleeiron
microneepy b by Intvatyachenl Intuston ub Katnorsky ‘s Cixal fve (83 paralormalde=
byde o S0 glutaraddehvde) buftorad with matium cncodylote ot . phoot /0,
The spi tmens wore cprdtbeal=paint deted and conted with a bvavy metal (oo hl/
Pt lodfumd prive to SEM vaanlaat tone The pecond aninnl wias axed Lo obtaln the
quasciatil be adr pressarecolume cutyen an te Juags prioe Ge peeparat e tae
Blntopathobugioa ] ntad lod,

e measniemnd of the alt prsaresvolune carven veveabed that atter 20
e 0 axvgen vapowat e thore wan o &% roduc) ton o Tunge comp i Lo Ty ane
wabe breathlng B4 and 2% axvpen ntmdlar dos roanes A0 conpilanc e worw ratml gt
dnoand 90 Ry perpeebdvelye Cvelloal b tatfon amd del latton of the Tubgn ol
b b el th medvrate gaepen Coxlo s caused e (s rvsae b comp T Tance e T
wes el v hanges were dnterpretol as et bl foge an fw vease B the sul G
[T PUTRA YT IR ETURTT R CREY TS TR 11T YT

e L 4eat pathelogie changen ware obnetvied T dnlia ks expooad bt (on® oxy-
den tor B Wy tivons Tesbamn fue laded ml Tl bvpecem Taoamt toead sdnepe tat homon -
it it Che sut fare ol the Yumt, Port fone ol the luty apprined atedoobat o,
Wintepathabogle loafunn ohrerved by Tight mieroacops foe nded Bioal cotipest Lo
ek b UL Anver st bt fad edemng Wl by tmns af pmc appeared wcemaly B sP esaninas
ooyt conteod antmnda il noeead appear b lusgs (0 Yy whil e thone oae
powed D1 OB aapyen bal ar BE prenunted v fdem o ol genetalbized thlokenting of
Heo ol ar mepta aid promtaent compent fonoab alveo lal vennelan g, oand 43,
Leadvupy ohaorsed atber GiF by ol expoante to 1005 o vger D haled tderst (e tal
edema aml tnCEa-a bveshan et flanie s Affer A0 Re o TO0Y eaven exprsite Une
patbodople o hanges wore chatacteriged by poneral e et dat B ol g Jobgama
ke vanlate s the giueela apaceos, il pandate contabned abnmdant sioonta ol
VR Iy Lebaesteny, oo bagdages e and oo odbvthiorsbes A0 dre Alaey ac e
gl ilural fon ol Ivpe L oweanadae porouae vton 01, v wan absoeveds T the
normad Jung Phenu Ispe TE prewmine vion e anasc baGml 2R T aecped un ob -
Patows an 4 Tyae phonpho | fpdada, ctunn ol buig D bl epstine g were ol
avtved tan atelectat b wtate,

When compat tng the oneed sl sevee it ol Tewiona bean th 100Y
Y exvRen expeniren, wooohierved o0 diret ombebacion tn the deve bument of
fentonn telative 1o Ulme of oxposie and s pnttat fon ot oxvgaen, wXalinp iy
tha CIeal oy hdenes ol fteral L) adomn gt o ongend e T the RS amd 750 oupes
aute groaps wete ot Ba he and 100 by tenpectdvely s Thean wame changes weip b
webveld il AR Rt T the 1007 ovgen exposare gronp Fuiss sl ng Llsnue g -
actnetaed by macked Antest G ial mlemn, abvealnt exadate contatnlog 7lhytn, atul
colladar I ieat e were LEEat ahwatvml o The RS op 0% sxpusinl v gl sups o6l
Wt TR Wy beerpee tbvelyy Agadny slisflar Towlanw wore sdervid at 20 Ta In
Ehe 100U cnygol enposute groape,

Altet Che (ot bal onmit of severe Jung beadons b0 e b gronp, the Bkl
fathebopts aml S8 st imee wetw adimllat A oll extended -t e exposate glopa,

bocohmnaty gt posnbia b thae mbedy muppet 1ot cedie Tush i that s e
b and wovet Tty ol pathilopl congien tovlo fis Teaboms e preat ]yt

I be dhe someenttab fon of owegen aml th dutnd [ob of orpesnge [REN Al
rroven beobe o v baab e ad fubel boed fot Gnvest Tgat {or Booe aper plie oy
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SESSION XVIII

Flus 3 Alveulur vwptal veanal congest fon
after 100% ¢, wxpomste lor 48 byy arrows
CRHLAY X 1,000,

Fie 4 Alvendar Throonllul el exudste Figa b Alvenlar (ibravellular naudale

ntter 100Y 0, vxpusure tor 7O o, afler 1000 0, pxpowure bub 20 gy

YoUhihEin) | arkow (MRCAY) X BOO, ariow Chvpe 11 granulat poeuiocvtond |
X1y

Yede e

'lm. IHH.UIHLI' OF LRLRT Ghn ulmln'ruh‘lmu OF FOLMURARY OXYULH

(L o Powall apd Pumrt s lastitut (e Mlugmodiagn,
Imutlu'lm Imm'humu- (O V'ul.uurlnlmtnll Ty fubte und Rtaumtahie,
Bonn=ilad Gudoslatyg, Weal Sormany .

Fy IRTIODUCTLON

Thy abunrvatiog that nkygsnh At highor Chan hotmal prungut o
haw 4 dediter toun olfect upon Julg Likaug dated back 1o
Lavolurdor, Two ofloctn aro quaetally noted, The i, nr o deutw
axyqen tokie ity peldon ovear ® whien aiyden tennlon e Lons than
thtun bar, Hoto a sy ologieal compotsnt 16 promibabt with
capvulptonn aeeuring, 1t wan Paul Bmt who, i TEZH, Dbt phowiag
Chat bl torie wabatanes rouponsilbo tot Uhin contial wetvoun
Ryntom of furt wan Lhe akyqen tn comprenied atl o Thae necond st by,
wacalbind chronte pulmonary osygon toxietty, wan Pirun deies thsd 1y
Jookorraine amith b AR Al de noted followime a Tom) prpoRuatae
Whth L Rl prelRaEY e greatel than o bar, tC b padman vy
ditoctmd towatd the pulinonary Vinsuo with doath The ultbnate o
[RYITUN

Thar it atuyrt cord abpr cnpl L ieting svidones copee) idneg he
situct ol oaddml dmounts of Inett an on o sach of Lhone two Cypen of
iy bogbe by Added amount i ol Tnert gan appear (e exiont i le
ol luanee on Ul oxygen toxteily, whleh hAK 4 vary APl onuet,
Although Burte (1910 b report ffertuased Tatenty to colVuaRione
whith Wil Liin Wl adddind Lo the uxgann ah did Almquist ot al. [1aum
with okpygun- ndteogen minturen,

Thepse down nx Lol Koms prjerimental svidonee in the Lt atarn
Alao Lhat Inctoased amnints ol thert gan w1l il bastes the covree
ab o vhronte pulmanary oxyen toafedty s hambrtnen (Y951 e ted
the beneticial offecte of interrapt fon ol oxyasts brwatlbng by the
wabrt bt ton of comp Wil oAbl Cthe vally tnvestigatione ol il
LV 0 Sl At bhat roie padmenaty damage in qulhes plgs wan
Podduvil by Lhe prossmn ol snutd gan, He postuialwd that, teoa
arevat antenly the chaonde Loxae el bwcty of ok peqon wors ths result
ntoa boealy Bhghe axpqune teamion T the Tuign, Nodran and co
wep kot CI870) found that pultnonary damaas in o rale amd mice wan
roducad whel braathing a given nxyepsh tenkion with added nitgogen,
Frotechion wam not Tound when aynbomic oxygms Juveln wiet i tadaeml
by the adaition of cartnn mopox ide to the aepgets, althnwgh anania
A pailmeonaly Jonsrvation vers fouhd to e protective by Morn ut
al. 1970 ), Bndled amd Powell 11971 repuntted o amibyetlan
polmonary toxdelty bh 1abe whan aithar hebian on it rogen \.qn
wliled to uxygete Bo protection of added b ocun was ne oegy
tocent by poported by Dok (tha ahg Rahn 019700, L s nu.lmlll nh..h
with mire,

Polmonsty axygsh 1orbeity In mun ia qunsd ally «caliul st el Ly
Vin met ol propeusnl by WELREE 0TI A Ul beaglt e kR es kg
Pa MU Falmonaty omydgen Tox ety Doewes e UL for shopt
Bamioally, tne LB a0 egqunt to npe Lar od comyis hitoal bed for ne
mynata, AN bEotR Rbiawn that the ollecta ol pulmner, oeygen
Toledby appear morw papldly amd Jh A iR opn b 1nnat s manner wit b
b foaned sy e ppmnun e, the oA lrulat ben matleal ja 1o
Port lanAate iy walghtmi,
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SESSION XVIlIl

The wnd-pointes fur a wpocttic pumbor of toxicity donus wak
axprended ab o roduction ip the vital capacity of buman mubjoete
in additton to wach mubjuective feelings as naukaa apd substerbal
Lurning, two of the mokt commonly oceurring tnitial evente. While
the algorithm haw appeared to be & useful one, in our opinion
{t smuffora from its {nability to acoount tor air paupes commonly
tade fn the rihal utayus of decompresslon, relative humidity,
and yas temperatura; also we gquontion fth initial promiwe (Clayk
and Lanbertson, 1971), that fnort gas diluents play a negliyible
tole {1 the development of pulmonary oxygeh toxlelty,

In diving proveadures developod over the past sevueral years
at the Inutitut fdr Flugmedizin (Cabarrou et al,, V4781, oxyyan
is wnployed during the docompression phass With a time=welghted
average of 1,9 bar, Thiu results in reductions of duconprousion
times ol often more than L0 v ovur other pubilished tablay
(krekelur, Cabarrou, Fusy, 1978) with no subjeutive symptoms of
pulmonaty oxyyun toxicity. Furthurmore, since the total de-
somprossion time lu shortened, the total number of UPTL's 18 Kept
gomparatively low, By means of the employment of oxygeh~gnriched
yan mixtures, the inert gas is guivkly u{lmlnntod without the
nowd of the long “oxyyen breathing tail" normally found in
cuhvuntional decomprassion methodn,

In turms of the hormally employed UVTH valuulation method,
thin means that most of our oxyywn breathiny in donm with diluted
oxygeh. For a 150 metopr for JO minute dive, only akout 22 v of the
tondcity dosum ave acqulred under 100 ¢ ukyqen. Wo therefore wieh
to determing 4f thwre axlsts a4 conwtant effect of the & UT T
of a diluent gas and/or relative humidity on ¢hronic pulmonary
uKyyeh torivity,

1t i the purpone of this atudy to detarmine with mice ¢
vommonly medsured pulmonsry and bioodyas parameters are changed
wheh sual oxyqen toxiceity doses are adminlstored, vhat tu, at a
constant time and anygun partinl pressurer Lhe oNyyen in
administeryd vither in puie form or diluted with fhert yaw,
Additionally, the effect of high and low humbdity in the
breathing mixturu was almo atudied,

LEo MATERIALL AN MEMIGLE

An initial inv yation wau started Lo obsurve Lhe yrous
affeuts of pure Varaus dijuted nqunn bﬁ means of wurvival timow,
For theme studied; &ddlt femulu mlca (HMIU xtrain) with an
avurayn welght of J8.b & 1L grami were used as mubjecen, ‘They
wure divided into groups of ritteen wach and exposed o & hiyjey-
Lbaric vhamber flttud with obadevation porls) degomprausion wam
thun not newded to dutormine tlhe number of wurvivors,

Uan wan suppliod to the olianber from premixed eylinders
fumidual aty waw flushed out yuiekly so that Lhe wnd result would
by wither 1K 8 uxruun {at I.fh bar) or 50 v oxyqun {1, Y% bar)/
S0 ¥ ndtragen (1475 bav) . The chamber was conatantly purged with
oilhuk of theww two mixturen, ahd at the chambed pressure; flow
was Approximately @ liters/minutn, Carboh dioxide leveln wets
detormined with Driger gas analysin tubed) the chamber oyuivalent
Py was 4,02 = 1% mbar. For the saperiments with ¢luvated
hthGlEY- the daw wan bubbled theough ale-sbones {n watot) for Lhe
low humidity vanen, the floor of the chambur wak covered with
sllica gel granualon, Nelative humidity waw dstermined electroni-
ually. The high humldity meries ranged from 90 Lo 9% 8 while the
low Bumldity surlew wan butwuan 10 and 19 v, ALL wiporiments wero
vonducted At Lempuratures Letwesn &) and 23 YC,

To investigate Lhe suyuebvy of uvents ih thu pre-terminal
pariod, Llood-yay measuremunte and aross Lundt mnrphnluqtunl nhudioy
wory performed. Miou, In groups ol V4, were placed 1 A& hypabha) b
uhinmber aich oxposed for periods of 1 to 20 houkk Lo & b,,oof 404
bar, After axpowire {with and without ritrogyen aml at h?ﬁh At fow
Bumbdatyd, the subjects wore then removed atd allowsd to come
to equiilbelun with room aly for a4 mintmum of thirty minutew, They
were than Limitly aneathetized with Nembutal, and blood was
colisgted in a4 heparinbaed wyringe fram a amall inciston mede in
the posturior aortA: itepetative moasurements wore then immediately
tade tor I and 1oy uning & Blood-nan analysuer. The lungn
wurw aluo BNE1aw) aRH dnu dures of ndema wrtimatod from thae fumgy
body walyht ratio, dromn morpholodgy was alno hotwl,

111, REHULTH

Figuew | shows the vesults of survival time (n oxyyen when the
rolative humidity In highs A diffarence in the two curven s vanily
sauh hatwaan the 100 ¢ and B0 8 okygen cases,

Flgure 4 I8 dqgain pure and diluted oxyien, but thin time with
& low relative humbdity, In all of tha four variations, a minimum
nt three triale was madu, wach with 1% mice, The polpte ceprasont
Lhe sum of Lhess triale; a total of D0 mice wers uaed,

A Wilookon Rank Dum Test partormed on the rewults whows  Hhat
the statlistical differepce hetwean the two curves th Pigures 1 (s
meaningful at the p» 0,05 level while that batwesn the curves In
Fiqure 7 im at the p s u0) Jeval,

At present, our blood«gas measurementa a1n incomplete, Hasulta
show that the above measured parametars in mice chanje with
wnposure time as aleo observed by VElimkki (197%) and Hchilfar amd
Citoler (1978) .

While the exaut vause of death from pulmunnrr onygel toxteity
han not pean proved, it (s ciearly evident that the physiclodical
changes lending to death ars sither mitagated or forstalled by the
(hart qas fraciion, This will be discuensd,

M, CONCLUNION

The results found thus far fn mice do not aliow one to make
adjustments In UFTH caloulations for manned diving. They do
ini(cate, however, that fn a mammalian system, simpie
saleulations of expasure time ami onyrjen partial pressurs are
not always sufflcisnt to uurtictl¥ deancribe the deqgree af chionic
pulmonsry onyqen toxfoity, Thay, furthermnre, ayrse with the
results and findinges of vur manned dive experimenta whirh alea
Lidioate & benefical effect of moisture and inert yas.
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OXYGEN TOXICITY

Retetenten will appenr fu PRWEEDING
Figures 1oand 2 follow,
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Pigura 1, Survival rate of nive {n Rn orygen (rensurs of
1,75 bar, nhd u nagond onee with At wqusl partisl
presoure of okygen th the mixture, The relutive
numid ity » 90 = 4%5%,
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Plpure 0y Survivel rute of miow {0 Mn oxypen presauee of
Lo bREy mnd b smceond itk wEEh RN equnl pipetind
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humidity » 10« jndé,
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HRAIN GARA AD GHE AN TNBIEEL O MY TAROLIC 1dt Dokt [H D40 CHD D0KIHG ALt
OXYLER XU LT B W Kadumabd wind Mo Do Wabtwoin ded ke and tivl! dJant tiate
wi Eovtranments ! HedTo g, BovmayCew, wntan i, Canndn,

Altetal fous  fmbured Hy  high  presmute meegen (ORFY (00 vabbais et
tranamiltors Cunmea-aninahat vbhe pobd<tABA L g eptoeplicboe . dopanine, srtole
nind have deen baplieated dn the e bantaes af anyyen dowlso Py, [0 dn wndsbeldy,
howevel, that (hese vad b eadot rasemiitesr wel (ndepemilonl by dn Tl contyal
et vous ayatein (CHRE, Bt mimd (odmear 0 &t fune L bonk ! sl tetonemlond fevels
o modalate behavOour booa bababeed omaer Tk, aldbeealion of ook oar kel
nentuttaoamitiers by 0l oo ld prodice A tmbalaocs thet wanbd be mnlfented iy
s otonvalubon,  OF the vetinos dentnttanemitieis Smplioweed jo o oeypen tonbojiy,
andy o hanpea I LARA metabisbiam appeat o telate te Ahe aumespous vat el e
abmpived bnooxegen Yaxirbby Vb

Evebio GHP COONE ) which meddiaten the millen of avebsbohod e s luwobved
In emeitmtary teaponses in the cerebel lun, Ructiatbon shevates (GRE and
& UARA, whetosn depisanion dertraave GNP mivl plevales  JARA, s
slal{otimhip lot vaHl A GAR, s Ywai vher 10 the action ot
anrrmln chealoadl convabaents 10, and 1 han hewh sugNested Vhat cLHE say st
aa ah toden of GARA yeraptut fumc cbon i the vetebellum (),

Alihonigh o darpe umbet ot drugs w1l sappress convadstons induced by ol
wetabol e dlsturhanee WAy cmnbinue buomcrar In the (RS tu e abasiue bt con
valalota,  Thun, 46 ta laperiant dn anv evaluntion ol adtug poiptry - wearune
I additbem G wolar actlvity, nome hinchew)ial thet In llw bratn, XN
atudy enamlnsd the wltesta ol oHP o dhe relatianabip Ieiween LARA and o CHE,
and udbng GARA an oA Wiochemboal dndioatn of ORP fnduced Leslube, e cesan lned
arvoral chmsnrs ol pums bouwn Do at¥ect dhe awintents ul omvprn ronvialriin
These drugs tneluded  acd- hane rompoants . hypogly asmlos,  sntineidants, ol
wiltiram, wice leatr, atcl daripam,
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OXYGEN TOXICITY

METHUDS

Male Wintar ratx (JOU ta 220g} that had bavs deprived of foud overnight
wnts exposed 1o 6 ATA of 1Y oxygon tor bo min 1o the convelsion siudies,

wWhale bratn GABA and cGMP were measured 10 ton-convulsed animale exposed tu b
ATA urypen tur 200 min.

The 5t gunvubuion tlae (CT0) wiw calculatwd tur each trestment aud the
ant fennvubuwnt aftivacy of wach drug was expresssd an the Convalaion Reductlon
Factor (CRY) C(rativ of G150 treatsd/UTS untrestmd)s  The apents evaluatsd
apnbint oxygen convaladonw are liuted tn Table 2,

RESULTH AND DISCUSSLON
GAHA _and _uUME

The effout ol OHE (20 min At & ATA) on brain ciMP and GABA leveld are
glven 4n Table Lo Alvhough the cheracteriatic ONF-fuduced ducrense 10 GARA wan
swelty oo slynifluant decroase In oMl loveln wiw touids  TIW wak surgrising ne
agentn wuch wn fuuniaald which producy vonvalaions when tlw hraln aotitent of
UABA (n reducsd, ulevate cOMF Jeveln (1) Furthermore, drugs (hat either blouk
the wynthesla al, or are GABA antsmoniste, (ugreswe the oGNP eontent fn dhe
avrebellar cortens  Dut anslywes wers careied oul, bowever, on the wole hreain
whetuan the cershellum Ly the wrwa of highest concenirat lon of ¢GHE (1 Lhe
Bealn (4)s  Wsw ol the vhole hiadn i our stadien may hav manked sny changes
Jo ctMiy tt s atwn posnible that OHP way act on GABA-wEgle wearoi o drdae
of ihe CNR which are ot related to clMF,  Furlher, wirk o apeclfic brady
regloms s required to remclve thin guest lum

AMtigouvulivauny

Table 2 shown Ulw sffwcts of varioge agents un b oxygeh=lnduesd chinngen
I bratn GARA and ou the wonviinius ooluution Fagtor CCRF)e Benfy GANA's aru
whown am Lhr ratlu of the onygen-induned ohange Iy braln GABA fn the deig
ttvated apimaly to ohs ehaige (b contvel animaia treated with the walvent
Cotrwat wlfseontrolyy Thue o ratbo Tues thun une voubd indduste that braln GABA
dt spped LWN In the treated andsal than tn the wonbrels  Valuex groatel than |
fbaenbe nogrester duesase to the dlugeirented sulnalin,

The these hypoglycavalux wtud (vl wern seleated on the busly that tolbuiwe
abiv Inereasis Awln GARA, svebohas mbds deoveape 1by and plintormin han
witent {80 1t bn evident (5 Table 7 that tolbotanlds prodocied wgalond mmygen
convilatone (URF L1} aod modiftud the duarvase (0 hrain GANA Ceatdo 0.45))
Anwtubexmalie bad oo protectant erfecty and phenlorain suclerated conyulslons
CORF DBy (he qualitatively variable eltuct ol thenv liyponlycawmlcu oo ong»
yoii convalu(one ikkusts that chatges in brath OABA are ot related to reduos
tlons Ju hlood givedaes

Alkaloale with Tein ur NaEDy algniTicant Ly dolayed uenvulstons sml the
decevany (1 CGABA, whureds Blamux pracipated oxygen sonvulnlons along with «
rvater dogewans L GANA than i controln (GARA vatla 1e8),  The lutenrtt leas
Vi ol oaypest polsuning by the fuhibitlon o) carhoule awhydrus by Dismon ds

Tikety due fu e inatwasu I Ulkeny g0 evaked hy an fnereane dn hlowd fow by
Nlaaun (1)

With tiw wncepllon of disultiramg all ot thw remnlniog ageuts tented
(Tahle 2) incredsud the GRF wonuonitaut with & decreany (o the GANA ratius A
wignl feant fovetse Tinvar velattonubdp wvan Fondy (0 ety betwesn the GRF aud
the HARA ratia (r o el PO )

Tubie | Whelte heatn GARA and ciME loveln In OliP=expnned ratu (20 ming & ATA)

tivuup UARA cLMp
{pnolen/y wor wtd (pmolen’y wol wt)
tomtrol Tt dinaon [P YT
Oxygen I YU 1YL Y AK 40,44
ftpnit i Bk

& RN Pon 9 rabn per group

Tably ! Eftuctn of vardoue Agenty b agyuen

eonvuluintn mnd ygueo=tnduced
Lhatigen fu hradn tara

tirug [#.13 HABA Nat Lok

tlee
Tolbtanide 3] UehY
ALatiliendni de 1,0y N7 1]
Fhentorain DL ot
Ulanon a1y Lotk
Trin 14 o
NaHcy 1ob? hadh
NA wid Lnate 1121 b
tiutathinne 2ty [ )]
cy ne ¢ mcclnate %) 144
Cynteine + glutamats [FLY} [iN 1}
Pargyllne 129 [IR]]
Propyiene aivenl (.0 Uil
Tweon-Hu [ il 2]
Dlaniticam 148

(L)

AsaZovr ratlo of chatige In GARA levals In tteated
animaly enpuasd to ohk to changs In couttnl
animale enpouad to OHp,
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Diaropan ot 1wo dparn ol 4 and 4 pmole/kg viguld tount Iv sxtondsd the CHE
hy 1.9 amd | ARG There Iw overshelsfng evidemce that GARA tramsmiwaion
Involved 1o the aclfan of dfarepan (o the cerebellam (7)) and that
Towers cGMP (404

[N
dlagepam

I conclusian, strung eyidence contihume to sccumuinte that GANA=sryic
wctivity tu altweed by OHP and (¥ related to the wiinlogy ol onvyen selrutes.
Helwrencus will appear In PROCERDINGS
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EXERCISE METAROLISM IN JUIMANS O ACUTIS EXPOSLIRE TOO A 5,8 BAR NORMON O OMYHE L3N

SV THUNM Kl i "l{.!‘l LN Groy, MM Winsboreugh, o3 Mokenste and
G MM Albuptl. Physio uuhul aburntory v(q\'})irlil. Tort Rond, Alverstole,
Gowport, Hampshirve, Uy wmnd Southampton University, Mompshiee, UK,

Shudbos an wxeeelse pepformanes tEe WaUat)Y crried sut wder antarat Lo
cond [t lons with figh partiod proseures of et and a oL ghtly hvperoale
environment (Bendley ot o, 19710 Salonho ot ol 1870 and were primael by con.
verted with phystologtent vartalen,  Phis serbes off oxperiments win undertabon
to investigate the offect that w shert expesure toon redntively low prossure of
Tk b might have on exeretse metabol by The subfects were hondthy mbilt mdo
af narnnd Bukdd, bl fantibae with compression chinber work dnd the syl et
tnidd T this atady,  The experimental pian vodlad for the subjocts ta be ogposed
to theee different atmasphieres fnoa random vider, e atomsplivees being: alr
1o by, normoxie payhelium ot 108 bar and borsaxbe oavhiod lun b o8 e, dhe
pressure of the former oxphedlon mixtare was chosen ws this wos the Jean
pressure which would allow the chamber tn be sented, The pressure of the later
miature was chusen Rbnee 1t was cndvilated that thi< wus the pressage at whivh
the miature wanhd hive the same density as ol at b bar. A space o " dave wiis
whiveed belkeen siclt ot the sabdeets vapertmental s to ehsure theve wis an
tyntning offect,

e sublects were Castol overnight (10 hoaesd, A cannda wis Thwertad
Intu at wntecubiptal setn, After resthyy Cor 5 slngtes the S rent bng sanple
wity tiken amb fombitos fater the second, Fhe subjeets then saerclved far M0
mbnates st 60% of theie prodetermined Yoo melmim, Blomd simpdes were token
Womdnute Antervala during oserciae. O the bloml & onl were transferred o
el el perehlorie avid (Y V8T For anndvats of Tactute proweste, glavoese,
plyverol, alantne, SShvdeoayhntyente (8O0 and aovtonvetate (ACACT ftemi bning
Bl wits phaesd (0 pladn glaes tabes g cont rifaged Toblow g decsmpeecchon, and
the plasmn atoted ot <00 " Per bnter sy of bssud Do) Bon asbeeitind ety
avids NEVAE. VentElatory volume studbes were cart Tind ont aadig 0o dey gasomet ot
wid vont dnuoua ang byvia of sxpired savgon and carhon dEostde win sade Taw g
whabng e by meaps o queteep e s et romet ey st fans wers ot bl
vl hefore and alfter vich 1 PE s foamad ot thee ond ot the eapey bnemt the
the calithration gexes used Qe the U3 by egertmests were meantable co these
tewlingn were ot i lidest i Ehe st resubtss Hooagbeut the eortoine gl
pest ek bue period the heanrt pate wis ot toted asing o e dert Packard tede
it by vt whivh Bl previoisdy feen todded to ) hat e docompt s on sohest
e chanen for these ey bmenta was Uhe U Savv o patCial preaone table ta
P 0 of hebbuw ot s mbnotes shnve Che expeeare sk the sqbvalont o (81 o
St e, Fhe b eapesares on this schedude producmt Tlerting loint pilgs on
winl (et i add dhves gleb v the baet dlve s b the Tnvesy iyl w deve o o
Pubge wrtioartal sash over his back sd oedume canpded with o mbld wohie th one
shonfdee, Wecmee oF Uhese wymptome b1 wis e fdisd 5ot te cont e with ey
rapeagres for the phanned bosnbhiects bat b Timid the mambers to 4

The geheral pattern ol pesponse of the blood mbabolftes Vo thn evng dee wae
the wame at wnch depeie The Tastats and pyruvide Teveds bt foce widh papstelae;
the fan bate then stabgiissing and O o tap b at the mnd o carroise while the
otavate beved penched @ pead attes the d ol the ewerc b e and Te gl mote wjag i
Abanine coseentiatbon tose with voscefee ae d0 b ghverrad . U beved ol beton
bedles Tell whide Do SEEN Toved wlommb o wbight fad] swith a posl oo 1
MWomen ety thete wele aome dbTepuneee Bebvern the Sk bar osquesan bothee oblet
T, The abatdstbonb by sbgntfiant clainges ot bl 1 the ol fa bt Do |
whipeh s Bbghen at 8 by, bothodustng recovens and et tee, o w1
Tacbadedponmate tatta The phveeral Bimeset e banaet wt %0 T ey il
wbter wasbobsn ) hetng bt ivant o at o S minut e The KTEY ool was hophuet
durimt e crota g perind b v bt did This pest et b 0l 0w et v
mabed . I bde U alter evgs i the bevels wiern foker Tha at the s b e Tasthy
Shgnilbeant ot An mlnnges

Fochaps Hlie most inbegeading Dadbag wan Ve fatinte of plasm ol
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CARDIO-RESPIRATORY RESPONSES TO EXERCIS

The Codiute of tnsudbn 1o show the expevted dbap at B8 m b surprisfog.
The sl s thought to be sediated by cotecholamines aetimg on by o receptors
of the gecelis, Tt might b thought that the valecholemine Tivel wauid be
Bigher during thiv eaposure vompared to the surlsce aree shue 18 wis woee
stressfulc The Righer Jevel of trsulin may kell inve had i effect on Lipalysas
wid accont Por e lower Foveds of plycerol nmd NFFAL 10 fn pom recognlvey
thil Ensulin dnhibite Bapolyoia ol betogammta ol mich lower fevels than thoae
eopchred toostimigte glucose teanaport (chmde nad Faton, WYL The plucese/
insuhin petto bn Jower at DR e durtng the vaer bue peetod, refloct ey the
highoy tsubin Teveln.  the phucose fevets themselves aee hibgher at precsute
but this divierence Ts oot statbsbieal Iy stgnd Elomi . This conld tbtoate i
provenee of bnsolin restatonee A Lis shyitonment Howeve e, the tatet e bl on
s ot el dbe suberrates amd harwones are el sgople, ald the s
tnerense bn Vo, and Towerime of the B oy prove tu be computilie with te
padeed tusubin fevedss This Bnocortaindy ohoaved swhich woundd repoy furthen
sty
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EFIKCTE OF EXERCISE AND HYPERBARTC ALRR ON VENEILATION AND CENTHAL
TNSPIRATORY ACTIVETY, CuMy Jlonnpr and 1Yy fnds bepartoent of bhvis
ranmontal Modictne, Karolinwka TREETLUTEY, W= 10401 Stockholn,
Swudun,

Hevern! studiou {n the past have mhown that the respiiatory
FeaponNus to COy and maksular edureine may become doprensed by
acute vapomity Lo rajsed aty prewdure, To what uxtent these oifects
miyht be due to Liervasod breathing roptatanco seeomdary to 4n-
croanud doneity of the reapdred gas, or toeoa depressabt (harcotiel
wftvet of thy Fuostd N pregsirs ob Uiw tespiratory centors haw
Loeh 4 Mattor of debale, Ih a rocent eppore Trom this Taboiatory
(3) 1t wan whown that hypureaphic hyporvontilation s reducsd by
high Ny prossure Jdedplto o concarront fnervasn of Lhy cuntral tne
wpiratory activity (CIAY. 1t how seomed of interokt Lo investigate
whuethor the relationship butweon pulmenary vontitatton and ClA ds
¢hangoed by hyputrbaric air and nitrogun during the hyperpnea o
eRuereine aw wolly

Medhodus Bight, healthy Bolo voluntuers wore atadiod, T
agoy woTYRET Vbl capac ity anl Ve g tanued 2dedd oy, wi-B W,
Advi=tel 1y and db=ul ll\l-kl,l"l'lllll\"l, Fotipeet fvolyy Each subjecl pors
Tormpd twe Lokte With progreskiioneload luy oxmieldo on g eyedo oo
yomelta pedad Iing rate 60 rpi) placod fnntde a iy compesgbab
vhamber o ITh the Tirnt tonl Cha publect fnhaled vy oat ah amhiont
prassyle of 1,0 ATA) 1o the other he fohaled ah al O ATA (nane
Lasptrod gy ad b the Tooet tosl) o he epgqometor Loml wag ins
sroanod Th Ateps of 10OW Trom 0 Yo 200 W, sach wtep lanting ta
Lomin, exrcept 00W which lasted Tor 2 min, Pulinenary vopttlatton
(V1) Lidal Volumwe, ruupluu,m-T rate, end=tidal oo, and hoar
tate worn rocorded conlinue mly, whorean CLA wan abiepiod by detog -
BENALLCR o Ahe Phapiratuny oeclugion prossdte, Py oy (4) ab Ihters
viele of 25«3y @, To determine the Tuhyg volume at whluh voehlpbatvon
war cat bl ouly Lha nalojeets wore rsquontod 1o make maxime) §ne
upttal tog ovety nocond pfiule dur iy the exereinn unn,

Hwaulte, The moan values Tor $ aind tyy fhereanvd progresuive .
Ty with Tnteantnet work ieaed, both at o ‘[‘l G ot ta by it
wOREN b (F1g . Try The tate o nebeane of A wRan Loy Chan Vit
of Py be Bk eomed bt fonn e Thee Vo owaliar ot b ATA wete abmliar oo
the vontiol valuen up to tee Wy bal were wtgott beant 1y Tower
Tentthn pxvord el 10U W, Th vontrant, Ve Py valuen Wi aloat i
Bvdiner ot abl loads ot w AMA thane A Uhe ennt pat cand it o T
the wont blatton pusr und b ooee Jude b pennue (Vv 1 wan ana e -
aldy Tower at 6 ATA than at b WG and dectean with theroanien
Poandh 1 both copdi Cobey The tedad toanhip ot tor gy uhnwdd
whde vat et fon botween sibopectn e Budsexptrat-ay ahd Fhlal e Dates
Vhetteaed, whezean the expiralory tepetye ol (REV]T decieaed
slbant by D both comibtbons win bhe vtk ol freteamasl of fa, o0,
Paed=bdadad oy, tomn with the fowdy tn e coptial comlytion P
Wt Tor ) aimd a4 ATA L1t SU b wheh The bewl V-
Stoddtad Do 0 o 08 W el bate pease prontiene ey witho L
Craantng bomd, agel wak abogt o o baeel Towed bt 6 NMTA than
Thobhe LU A exjan bl b Gk, g,
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ESSION XIX CARDIO-RESPIRATORY RESPONSES TO EXERCISE
It s oommanloal bor we abe prpect Ll b Temalte Mtabued Sobup
e e fa b des chaet et gt g bated depthe ol A e Bt ol
Ve Ao Dnetedensd 1o e o prag o atilalar 1 [T
I . Vit e cret Dae pasr fotiaie e vl sest 1AL Ton exoeeded
a 3
o -~ o
; ' . ) .,-nv"""‘ LI
vy i Moty He vespoiiaes of theer exporiem sd subjects, to ctend.-
N . . ' seate vxer e bae were stadded tap b vhe Abo e Stlapt e 1 trimbr dfee st
;. Voo LRI B the Pooy ald Laboratotyy babe Bodverslte,  Jxotolae win bedbotmed vl e
I : - \ Bieathing (we ddTterent g mdgturea, @ity domttie ot Foa amd 19,0
\ e . i pdhy Both contatnduy 5 ATA 0, ab 4607 AT tatrle wete alitalned at
: 1 OALA Brwathlng v ltlor ale ar” 30-40 pxvgen=nltr wen an detailed ta the
4 N . o forlloding Jahle,
o A e
h
3
3 Fige o Relatfennhipn of clul-inapltatory, nid-
y erpiratory shd endsasbiralory Tuhg voluaen Lo work
5 Toad durtiyg progrowsivestoad ey oxereine o Syibols Lable 1, Conttol CF ATAY and experimontal (ah 2 ATAY cond it bann il L
i as i Ptg, U, vital capactey 0 5,012 40,20 Ly W, the Atlantia b odive, 19700,
3 Liscussion, To the uktont that P, ) replen nts a Liue ihdes of P b ved jas b, PR, [ iy
v CEA UOTIR OUTTG norus ) wnd iypornarie conditiohn, our ouservat jonk [REY A1) (ALAY AL e
3 of bghor g valucs at o ATA air than at 1,3 NA 0y (g, 10 , .
b would tndicate chat the contral fnaplratory activity during maer= | an R e o R
, einn tu onhancod by acute axposure Lo ratsed adr oand nierogon prons .
9 aurvs, lowuver, an discossed in dutatl in o proviews veport (1) the | oy, A o "t toin
Py, 1=CIA relationship Tound at nopmal atnosphorie prowstire may b= . \ .
o o altorad at ratwed promsuron, Lue to the difforehes tn colpros- KK titmix I aot Abn ot
; slhdlity of the broathing medium, Py 4 at a yivan nearal output to
3 Lhe tpnpivatory muscieos W Do tomewhal highor st redsed than at At et " - i d b
narmal athouphovic prous\ro, In the present 6 ATA ekpuriments the
caleulatal hervases of Py oodue Lo such efTocty atouhted o ap-
0 pruxtumml\" Ol and 0.8 en |1l‘r) at. 0 and 00 Wy respuctively, thus
| "“ly|dl"T“A‘11 rlu!.'lllun ur “m dl|ll‘uru)m:m:’x;lrmm'w(l lln Iy, | hotween
' o and 1, ‘A ran o atty fhutod to tho o uprehee 1N Yak compress o etth s b S e D PR 5l oo
WLy Aoy “Chagin T Thy Treatiin pattorn ot raland e et Tt
A nurer oy altur |:hl\ functional ruuidual eapactly (FRC) which will patets dup (g vaperiental protacnin whitch wete pebeatnod during contial
- affeet the Py oa=CTA rolationship (4), 1t 18 probahiluo, however, Lhat contibment o (0 Lhe el ol b ATAY  fwe dAvern wete Lralned £ fnaett
3 the Btghor Paly valucw tn Uho hyporbarte as comparsd to Che eonlio janthimnis cIOHERRE e ' ! :
' At el tal catheters bnoa eadtal artery and Lo anslvee Wloomd ankiag ai
". aundition worg "“»1." Lo i dugroe caused by such PRU=dopendont loctimle avnton Loentud bndde the chanbers Aol diver puttotied -1,
| A I e A D R
f 1 W0 :, it (‘,‘!' 0 Lt e TiRoly therwlfore that the rolation g Btovede ergomegers Yotk rtbea tanged up to Yoy mae at 1 OATA and Yy
X 0 L s 41 N ¥ thurulo N ! LA L iy Y pmdindn Al promaites the highest work®ratvs al nenwine
af Pp,y to CIA wan approskimataely the mame th the two perion of oxe 8 . Y aud 2% [ T T PR P P | v
9 portiontu, The Blghet Pyoyoat b AMPA then fndicates that durian oxe vanpel b trett 64 aid 20 e o faee di Ak, LG T ey l\h‘l|ll|||l‘||u|
erete hyporbarie Hy hait' o pareot iy or deproksant uftect on the perbodn were provided heteoun wark peciods At l‘“'""\l‘"‘ the VY and Gne
' venpiratory conters’or uther neupal Weiuctures fwveleed (n the cun- mhyn dotheal Prappes i ukerelae wers mm""‘lml whtle each '"M""'.
r lv.rn\ of resp{ration, It imay also bw conciudud that the diminianem fsplied tie Crimbs pon l".‘:'“' marnlig At while ,'""';'" bur ‘l“'“;" o v
i vontllatory ruspolsg to okorcism at 6 ATA (P10, L) was due nadnly it ""‘"\"':'."' '"'\","t"',f‘ Pho bt weee sqnavated by 4 budan
" to Lho fncruaved gan donkity and consedqusnt (ncteane of hreathing feat puretod of /o3 haavu .
N rontutanen, Numbd it dod gan van snppdfod (o Vhe Dnspiratary borl ol e reunlratoge
o o . P 9 i ¢ m ' Mite vatve thvaught wide=lote 1ublng conisetod tooa 390 Titer Bogelan hav, The
oSS oy tugman 1 fobton Uat e saumon oot S bt S o a1 et
bo Raught amobg Factops other than pharmaceslogioal offeein ol the ronpeeyvd t Lo eaplralore "';"'1""1 Ui hroathl "";" vin larpe :“""
high Hy prumsurs o difforopees th FRC and vas comprosnibility o The Ualidng and Yatue ntopeacks with 457 ankbons Vodume of van i 1he hayn
wan measnrod oo drey RanoRelor and oxbauated Atter meAnurement o e oy,

tulnad Oy pressure can b tulod out Ak a causstive [actol, Kince
the wale Wgh Fo, Wak | Fekunl 10 the contrel condiUon, That the
IWigh | roskure |mf‘ ne wan the cnume (x uniikely, winen wueh highs
prowsuran ukdally must bo applind to evoake BHC chanyun and obiheg
Higuk of CN& affvetion, End-tidal 1 with hidhut ab & A'A than at
Lol APA Al loads uxcacding 100 W, whi®h may explain part of the
differonce n iy {n thu high-foad range, Pho difforencs (6 g
tn the lowsload Tanye, of the abher hand, canfiot b aneeibod Ao any
Pen, ofTeet, kinee snd-=tidal Pep, was of siintiay magnitade {n Lhe
two' conditione at londsw lowor thAn 10U W, Tt weelin bihely theye
ture that the pradombasnt tactor reaponeible for the sugmanted gy
rosponke at 6 ATA wan the enhaness broathlbng vowistabee eaguod by
e ratund g donnbty s Thin te papge bed by the abeavation that
he Iy 4 Posbonke ta hypereapnia i frereanod by alded boasparatony
poniutance {21 The prosont data Phien support Hhae noetfon that de-
aprite o toduend pubmonary ventilation, the cential tphatory we-
tivity ds unhanced (o hyperbm de o wbi, probably bocadss the ine
ereaped Tlow peecabance ndiesd by Che pad e ai donlty caunen o
relleg nbimudation of the pespleatory ventorn iy,

Fho U)mnryullun of Wide vatiation petwoen wabjoetn f00 the joe
Lattanship ot Vo to Pp | oagrosn with pravious reports t/, Ay, Vhat
tlw hoart Fate wak lower at 6 AFA than tn the contrel enndition
wuppar te Lhe notbon that N, o al lifuh prognute caukes a raduet jon ot
hoatt rato, presumably by flnuuuw a helnsblockade ol e heart 0y,

Com undont, The above pesulin show Vhat tha ventilatory pes
wonlne o7 prapresrives foad agutetwe 10 redaeml by acate oxpo-
e o ralaed atr and nlirogen prasruaren despiteo a o concgrtent o
crsane of tho vontral thepiralony getivity thevoansed atrdlow te-
alntance thduvod by tho pataed anw denndty in probaliy the prodos
minant tactor rouponkihle (ol both the redaetion tn vonrt ilatory
redponne and The enanemmnt (h UTA rospobse,

Kelferwivon Will sppear in PROCEEDINGY,

e Ve o W

THRY PHATORY DESTPHEA NG FXERCTEY AL AT ATAL 1o Salzauny VML tamngen
Boutelpy W daltaman, W Mol and B Shettan, P00 At tabneatory Gy
Fuvlsonmental Reswoatsl, Duks Badvaralcy, Dinham, S th catndina, 2000, 1A

Pt bu gemed adly avcapteod that Cheoapac ity Tor misonlar aopdvits
AL (e veansd ambiont pressure during inkalatbon of a pas mixtore depaoy
than ate &1 1 ATA wEED b ¢ dompdy nedated to the masbmm vnluptare
venrt biatton (MYV) sider the comdttfone (10 AL oAl Timitart
Poowalk pertaiman e whii e broathing a pin mbxtore with 4 deneliy applons bifue
Pl s tweent by wmetgeds Tnaplearars dvapiea has boen peported to e
thie primary work Vimbilug facton da Gmmerasd divets by gl ee Pivliepannd sy
wiadben DV AL i each atud, The dvepied appeated ot U by clombe 4l
o orbein,

and €9 contentn ol pxjslied namplos wers analyrsd by pan-chitonatography’
Arwllil Blomd wamplin ware cotlocted duriog Ve Sthoaid aaring the bth
hanlon ol vack ogaretne perfod and anad-coml for B, teo,, and it

Heatt raton wore cont bnuntn by pecarded both At peat snd ooy
pyerebue, Ehangens (o dineas fomn of the choot cape aml atnbiteu wete
vt bt from tom palen of magnetemetors (40 Palornony Hikvanl iy,
AU Eaed Co Che malifecty Gwegel consumpt fony carhon dlontde vt Lo,
podmonn) e ventdbalion, 1Hial voluise and Jensiratory Tiuquemy weie
caleslated Lol the dannteal ogquat fons for Vhe sxpissnion of Uhewe
A et b,

T Posifpatay cbteadl o renindanee durfor exirc b vent it fon vaa
Veaaonabity fow. Peak mouthples e presagre owlings Lan g the Silgbea ek
Poad went E1a Lam aver sged 05 and boem ot e Loe s U g pesnin Vel

e et Jue sted fon wor e comploted st presnure dae fug the tstn),
oot abd FELth dav At A0 e, Af00t the B0 Eal altorat fon dn v foun
aviophes telopbeal fodtows dnduesd Ty pressors Tad etarsed towaned
awtacr contrnt valwens AT bbb demous e At ekerl et coordfuat o
white comploting tacks wiidole poqutred geeat okidbbas fomst loa ol vadlal
atletial camiilav, caltbratbom of tranvdnern, sle,

Rurultne MYV vRTuss ducienned at prowwrte su A exponent §al Junect fon
b fap el g denst ey, Bensfty exponent e ranged flom o W b bk [y
ot agh [ectn,

C prmlye b ORI ) T Al of e tatee subien (e WAk pEealer al
At wak rate At ARt ATA An coppated to bhe same waih rate al 1 AA,L
Thete wan g tbeant A0 erence b 80, brrween trimtn on hel o 4w
the Touplied pas whoon worh wan peiformed At depth,

Meart 1tate As a Lum thon ol work was preater A tent mied dun fny
pxeds fne A each aubbast Al AW muw cnmpat et B ) ATAL Hoart 1 ates
torded b b (aater AU Tenl il dut (g eaete up when bl (an wan Taep b Eed
Compared to L) ImEs At whi mae, For (ke aubiiecr D whon 9 wak A el
A telatlve (1003 kradveardia was olweived T Drpmdng gt nbdt to heldon,
whun hoatl tate wAn paproniid an & o tion of bn,.

Fulmonaty vent lalion iy wase pieater fog anv wink Joad at G YR {q
twe kub e tne Pl D reanes Y §0 wereg Do paneraly the deanit ol lower
Tenphiatney taten Al (Arpem Ihllk' virlomua than thumn gt L ATA. Al wubty
(Y pu e 00 wan Tosn AL presnures PLan a0 m aar b aee rat bt ted o il
Allerinl prrrr'umln AU Gl Nlghent work Toad et h durfng teimix and el fox
Neaathian, gutn 1),

AVE i lee Ui o e gd wome degiee of advepmea i fg one ot more o)
Phie wotk potloda K1 Gha 7 ATAL  the dvupies necurted vaether the denadts of
Ll funpdend gan minture van Jod w/1 thwllond or 10,00 g/t v imlxl. e
Fanly 1 Ane Uhe avmpl ome we e dese s b Pl wubAvol Am 0 At e Ak |
Ated with fuspbiedon g fnwalf s tom v Do usbyatfonn of dviposa d0d nnt
wbrelate vl PACE, gt vere Runac [AEed Wit Jevaln of vstidbat o vl
renrrent ol 4 uuulnfmnl af L brat b af wtpodfboant iy wemater tpact e al
MWW b hat ccourrmdl &1L ATAL Figate 1 owimmnr Lren the ipiatlonshilpn hetveen
Para . and ('I, A A Practlon of SVV buth a1l ) ATA and at 4h. ! AIA,
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Pige Yoo Reatlog and bth mio exereine Yacl, sl varicus work rates
for thy three aperisental mibioctiu,  The {uwuv pane] predenta
exereine vent Hation, ¢ (expremsed an feaction of the MW measaved
In the vartous cordit (o AL diffaront Witk PAlen,  Conlral reanits
fur ' ATAy alr are Jalned by a continuous Jlnog the § ATA 0N,
cuptesd data were not wignlfleant iy dftorent from aie, and’ 'raf
clarity are vot plotted,  Experioental poinin obialned during the
461 ATA exposure Ta holfox atd Leimix ave preneatedt nt S50 miw
exvrclav vent [iation tepredented a moch highe fraction of sy
cutparwl to thu Burtseo,

The degres of dyspned apprarsl to be 4 fubction of the srgomstyie
lowil, O nuliject (LW) wak able to tolrrate the discomborl ing dynpisa at
the nighest work rate (720 kpn/min} hut felt he woulil have hows onabie
to vonlinue Lenger Chan Uhie prenceibed b minutes.  Dyspoed Limited work (s
twn aubjecin, more ko (6 one than fn the other, Owne of the two mibjects
{BIY) wan unable Lo work longer Uhan & mitnutox al his highesl work rate
(R kpm/nn). The other wabjoct (HE) experienced moderate ta gsvere
Ayupiea sduring the FEELh and pisth minute of Nk highesl work rale (H00
kpm/mind hoth duriog trimis aml hellox pxposives.  Be wan able to complele
ali wix minuten of work fu triming hovever, during the sixth minuie of
eacrcine while Tohaling holiox the dysphes siddenly became wo aevere
that the subject sigonaled he could oo bonger continoe the work, The
wignal wan followed by frant (v activity tochuliog a strugele to remove
the moutipioce add strenuoux ot faviu to hreathe,  He yisted attervardn
tha' 17 temerwed he might Lave drowned because ol Lhe sudden Cranait lun
Peom mild to severs dyuphoa.  The subject's pecception wak of net getling any
wan to tndale,  ALL pecopded nignadn, (EXG, Blow] prexnure moiitorsd diroctly
trom the radial avtery, tonpivatary {low and magietom ter aigtaln) were une
changed prioy to and during the tokpiratory emlarasament . None of the subjects
oxperieoved choking aensat tonk during eupiration nor did they beeome
dyspaeic during MW meanurementn undor otheew(ne ximilar condit lons .

Chawt and sbdominal diameters as measired by magnetumeteys consiuteatly
retlected changer  n tidel volumen,  Knd explratory diameters did not
Increane during vxercine, sven whon severs dyspiea wan caperivnoed at
46,1 A

Diwcuxuioch.  Analyuin ol arteciot blood gas values demonstiated that
artarial hypoxemia wan not anwecisted with the sudden onnet ot dyspnea,
Pat, romacnsd well o exconw of 200 Tovr even during the heaviest sxercise
ot B60 muw.  Humeiarly, piovaluen vareind eciprocally with Mato and
At orgometeic etfaetn as hagh aw 900 kpm/min oges breant lrl-lrufn
accdonin wvan nol oberrved,  HIT bhypercapuig (e, of 44 Torr) wan observial
U one Fubieot ot the highest fevel al rkercis. b hedioa and v trimixg
hyprreapnis wan ot nhaerved in the other wub), wooag worksLimiting dys-
pnea.

AV wahjectn sxpeyionoes whottness af breath ducong toannisnt 1ight
phywcal activity, including talking, sating and ctimhing sn 8 fnut Jaddes
to enter & section of the chagber. 1L vaw necensary to (nterrupt these
actuvitios to “rateh up on breathing®, but the wubjscts toit 1n cantiol ot
vent(iation,  This experience was quite ditferen: crom the dyspned whirk
seeurrsd during sxerctan.  For sxampie, one subjsct wtated ho isti e van
metiing further and further belitnd o his hreathing durtng exettine sl
Uhis produced o teighlening seovation of sutinaljon.

thexpectedly dyspies occurrel more trequently sud wax more tlearly
work Limiting when performing exsrcine while breathing heliow as compacsd
to vbnervationn with tiimin,  Pulmonary ventilat (on dir g Lhe heoviest
work lodde wers aias aigagfloantly highee (0 teliox comparsd to trimix
Tor the two subjects repurtiag ihtolevable dyspnea, amd in huth 14nen
MYV sxceedsd J0%. Thews data dndicats thal dyspibes arcuered becaune
metabulic Juad cequired o pulmonary ventint lon reprosenting a very
lnqh fraction ot the MYV axxaciated with s given gas density  Thiw
pereentegr in every cane was large) thao the peroentage of the VW aned
quring Vl) max At wea davel o oamure.

Ihe tuwpsratory fyspnes ol varying degrern ohaetved by these dive.x
Mietng expecine inoa dry chamher gt 64,1 ATA yu similay Lo that seen 10
tomecned divern al &9.% ATA hy Spsuc et o) (1) and &t 414 ATA by Dwyer
ptoAl (4. in thewe desp dives Lhe fnapired gas wan predominantly
Il ium with & dennity of approximstely ! p/1. Work Limiting dyspnea ol
AU nspiratory nature wan seen by Thalmssn o 81 () tn immerard divern
breathing compreaned alr at 6.8 ATA, with & gan drusity of 2 7 g/l

Hime fnkparatory dynpnea duciog pxercise a4l deplhs of 41-%0 ATA
neend® both in wel and dey divers the vaune sust eenide wlawehrree than
i e eflnctn nf imasision on the cardiotrepioaingy synstem G
deanity, the (norenned heliom previure o hydiosiat (o pressure, singulaely
o combinalion, may tniviate the phenumeann The sirurteme of 4
similay rvent fn the divers of the staldy by Thaimenn vt 4l (%) at a
telatively shnllov depth (4.8 ATA) while hissthoig 4t sould appar to
rute oul belium and hydroatol fc preasice an fnttistarn At bnnptred gan
dennity ol 1-10 g/ (% &« mhon parsmeiar on thewe diverse ximling The
wechuniam ol wetion rematnn rlunive We and nther fnvestigators (4, 4,5)
pravide rtiong evidenis that the dyspnra ta oot ssxortated with a wignifi:
cAM U0 petentlon or hypoxemis The s nnatyon, however, may s1(a% (rom
the |-nf’.|nl|un ol & minmatih hetwesn cenpat tury rlocel unually expesded
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tur a guven ¥ breatiung atr and the eftnet needed for sl
breathing o gih of o highet densily. Altorpatively, thees may bhe'a
petveptien ot the expenditure of o highet perventage ol one's redepve
capabilivios (MVV) than tn ussally requited for a given vrgomstone Josd.
We are nut sole, at this Uime, Lo do mere than specalale on the caukes
uf dyspaen.
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ston, Gy retention witn oaderwater work occurs at high work towls
¥V0, mox amd wore.  Individiad divers attained oy levels as high
e 6B omm B Gnmplull\ts of "Co, hemdaches” were {regquent ahave 50 m big,
he deereaned pulmotary ventiiat i during underwater work 15 the appareat
couse of the €0, retention, Thore uro o tumbor of posstible ud futerrelsted
explunntions For this hypoventilation on €0y retention:

s

fo Inhudntion amd exhuintion resistunce of the scuba vegulntor

2. Hestrivtions «f ventilntory movements by the wel sult aml other
diving vquipment

5 fnevepsed rospirntory work with o more dense brosthing gos

4. Pulmopney engorgoment from body fmnersion

T Reduced advestar GO dUFfuaion In a denser brenthing gus

t Inavtnitive coptral chembrecoptors from jneroasing PO,

Chrueteristic mftvidunl 00y sensitivity may be espeeinily tmportnnt
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uf the multiple phynlologien] strodwes nnd unexpoctod conditions eheouttered
during diving, tt 1% proposml thit wuderwater work Timite estabiinhed by sccopt.
ablo PACO, Tevels muy be more bmportant 1o safe diving practiees than pre-
viowaly thouphe
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Musbm) ol submensing) work perlormanee wt SUATA wis evalunted inore
fntioy to cardispuinonury finct ons, Pedul i1, w biveele vegometer, thi md
wnl tolerabiu work tomd durkng the prodive controd period s 20000 watd tae
Bropthimt) and maxfial O uptahe (W meag wan SO AR S ming st the tormed
wan put sl Flemtly dHCferont from that at the postdive poertod wiite the
Y, s ut A, 3 owes signdcleant iy dowel pestdive (pe W g e A
SUAA the muchmnd tolersble work Jond and Vyomey doecteased ta 205010 waitt
tp o ol amd SoTEOCIE Pmda qp o b, renpeet bvelys Voo Por woglven work
fomd romibned canemt ip1 Ly aehaiged ot depile, Docrense b o ottt at Y
AVA win BRI CTeanl 4 s WO0T) mid the s wselutige ot (1) wik sot sl
fromtly changed,

Vpoduriig weabied ek duervased mape thm dht mesinal work enpi sty b,
from VR RO F/min prodive to JRA D v min at S0 AIA T 0oy, flevaune
Vi I remn ibaod snchanged, thin sl s a Jlugtabjon of bresthing e L Tigh
wrogne adenady s depth, Ventlatery squivaient te U TV /8 1 Tereiad
wrk lomb fpepensed, but nt 31 ATA BTG dec sk us work fond Lt pvitned the

3 ARGl L ATA decreased Yo 27RO 8 at max el exeredne at A
1. A decreane B Beast mmte o maximnl exercbe ot S1TOATA wi
wiputtbeant ot poe oot tfrem POz an o AMA fo 1602wt the candim
tsdex romained wpet gted, P B palee (0p removl por heatt beatt ot VAT
iy ot oot hennt change Prom predive vafues, thuse, wixbmod werh
periou AOATA woemed Bt to b Dimited i Lo ol vent it son aml o
Trunsport,

- PNy
L
250t

g )
; 2

0
% Mu
ho 170 *\ }
g 00

o fm[ \,

? 3¢
: ~,
B0
E ‘R / i
PO
' b
PREOIVE HOTI0M POSTHIVE
(] Ath) {4 ATA) {1 ATA)
iy Y B B I ST e S S T T S
e Tew ot U taitla s v ie o (BN
' CRSTRLIN ] I

Ri




NERT GAS EXCHANGE AND DECOMPRESSION

SR T THREPERDENT MAXIMUN HosBUBBLE DECOMPRENSTON FROM SATUIAT 100 [0v) L Yo .
Line bept. of Bhystology, Unie, of liawall ol Ao HITBR Salend of Hslieaoe,
anoluluy Haweil, U8.A,

Formilation of an afflelent decompression tablu dopondu ob detemminst ton uf
provbury yeductlon {(AP) toom a maturatfon pressie (1)) to a lowar « wssare ti))
aml dupendp oh determinrtioh of the daration 1emired at ©p hotore subsmpont
proxsure reduction can be made,  The durat{on requived at each wtage of docom-
prunsion 1w & functlon of the rate of inorl gus sliminAlioh and thus i8 Bpoving
dupendeat.  on Lhe other hand, the mas num tolorable AP withoul torming bubblen
i slotormined by the phyates of bubble formation and U may not b apocien
dapundant . the objuctiva of thiw atkly ia to delowmiim and Lo compaie the
madimum AL &1lowably from & mazupration dive without forming in.cavascalan
bubblen [n different wpocion,  Gvaluat lon of decompression ntrunn by symptomal o
busrvation {n snimals Lovolver nubjact ive judgomant and In rolatively inproecing,
fince ahuervad nymptoms are ¥oaults of & major decemprossion alraspn and are
avaluated pubjectively it mont caunk, it te cherefore dealrablo Lo detoetisine
e prosymptonal {c parameters by meann oo an objecly & Aritetion,  Thik papor
tuowach an attempt, by monitoring the throwhold of Intravascula)l bablie Formas
tion,  Yhe threnh Ll of decomprogsion=inducad {(nieavaneular bubhles wan dotocted
by the ultrvasanic dappler flowmoter,

Malo Wistar rats welyhing 446 ¢ 20 g wore anesthulirwd with pentobarbital
wonldue (40 my/Zhe) atd wurgloally praparud by inplantoe] @ ¥ Lo lemm diamnt o
portvancalar Dopplor probe (Parka Blectianien, fmavarton, 0 ob U poblel for
vitha cava caudad ta the vonal wiann,  Dogr woighing hntweoen L0 Co Q2.0 kg weip
albo aurgically prepased Lo d way nimilar Lo the »al by using 16 ta 20emh diae
motak Clowpelur probes, howover, the probe was focalod on Uhe pontoriol vena
vava botwnen Lhe hoart atid Lhe dfaphragim,  Two weoke weke allawed tor 1ecovary
following Wurg .y,  Thiv chvonic preparation was choson over ah exteirndt probe
Lo eliminate the nocesalty of anessthal bedng the animal dut ing cobhpronston ab
adbuoguent dovomprassLim The w o Teade from the mobe wora run subeut neousdy
1o the topr of the uad helween Lhe . varn for the tat and an Uie back ol the
ek fer the dong,  The Clowmeter praben with Crepiezion of B0« 10,0 Mtz were
tostad gl to and (ol]witd dnplantatjon For bubbie detect b abtlily,

Butoct lan of i1, ascuiar bubblon wan Wi, Wiiteg & Pk Flectionios
toppiag Flowmerer Modal KAV ceith the output aigial fed Lo an audie ampl(der, a
caunntte tapy rountder and 4 pan=writing oned lographie rmeantor, e balibie
van be dntected Ly the distinet toppler shifted chieping nonnds o (rom oentdod
travon,

Pollowihg a ctop fnetoans fn ambiont prossuze 490 40 a1 biver chamber 1ot
the sat Tor b hour o abd 6 hodts For the dog fnoa human hyperbarie chamber  Ulahn
ald clayy Netieton, 41X), pronsare Foduet ton wal cat sl out an tapicdly s the
nystor jurmitiod to 4 prodetorsiaed lower brefwure (hp) . (1 thero war no
fndfeal fon of bubblon wiithin 1 how, the deconpreasion wan cobgldaved buille-
trov,  Pup voch natupat {ol proksdes (011, a0 Shersaning pramite dfftorsneo (A
To i Lownt pruwaurs () wan trimd ol Uach SXPpas e an peparal @ eRpul imeht s
ant Al the Chranbndd for ubble detael Sob sy fouind, 1o bhe tat, eopeat wspo-
HUFON Wwarn b doant Al bhours bul ho Janger than b days st Fhrat sapokalen,
For the dogy the vepoat compl oneini-deconploni ol oxpasires wero made weekly,
comprensurd abr in usod 1o oall wxporiment e,

A tatal ot bd decompression TEldaln wer e made on 1 rats, CRhe data slown ol
Pige U ate the yrostom A valuse ot prodi bng bubshles ard Vhe soadiont A
valuon whote hubbden wope dete Vg din b o Torst plesatne skjponnted,  Each
Podit ropteninta onn rat tor e prokmbe expongroe el bodote will values
areater thah the tewesat MU won fbbler (ebreton) amt lewe than the hidhee S
withiil huhitlon Gupatest Lave hoon omit ted The Vive threshnbsd for Dnggplog -
deteetod ntravapesiar smbiol i can e cornidiped to Tie ltween i patiad bublee
At no bubblu Lones, Spger dashed Tones (odieatn sneidence tavedn o deame
prscaton s lekeshn banmt on behaviora ] oot eation ol Berghoage od al, {Ulik,
Teent, 19900, pata un the Fepeal prasmsire exprmleen fop Che tar are wiist ' o ly
agpisal L2l S0P, 2, 4 TEnea withemt data pornts tndioate e regt owe
st i ol e flpat empointe pastidte an neon 4n Py, b 18 (0 evidenl that
anane bl prossiie L EEerent 1aY e teluranhe withent formare tohbdee upk
Woexgestiiien, 1V Te Mpertan e nebe that e anibals v M by bhe
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sbetea Ui of decoipt cunbon- fsdueed Tntravancatar 1 abblen, These (60 avakoulat
tatblos smlicato & mild, proviennly umiebectable Deve ] cf deompteneon bk aens
o bhe gat amd an vhe dag,  Phe Pindings ahowed that the maximumn tol 1able

wr o raduet tan Peom a maburatlion Aving appuare Lo be not & sprciok
dopithdint phanomanon,  We anticlpate WAL thin £indf g will facilitate Uy ox-
trapalatfon of ducrepiesniaon achimdulon among apecien, nibee anly the considera-
tion ob apocter npoctfic patAmete n required, namely, the sate of e ogak
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. n{ Bubble Threshoid for Dogs A "

NERT GAS EXCHANGE AND DECOMPRESSION

teroft e tacing wilh the tncteanmd fnert ges londdog tu the slowesy tismuy
vl tment s Tl pafiie at which the four wnbiects et e BEought to sullave i
fod b ated by the lottora B ¢, & D 0 @ lgure 02 Home ol the alove meht boed

: { sehedulon teaulied fuoany algie ot svmplonn of decompransdon wickness efthe
n." "y o Fubble F - dutdng the sdecomprenfon, i tace fnterval, or punt dive decomprens bon pet o,
[.‘. e no bubble B Ak proviously statedy o Tinal period ot oxvgon braathing, just prive to
- . o arrival ot mubCuew proreure tor the surlues Loterval, fw mecoaunty to ) eluce
; i - - the fanter tusue half-Uime componants Lo secoptable lovels Tur o bi el per lod
: K : i .- x{l rogidenee at nenslovels Obviously the use of oxygen in the watur below ao
; © : - .. FSW would appedl Lo presunt wn unaecoptable rink in any prucllcal diving opern-
: AN : c . . tlohe T wan thoughl Lhat ote avatiue might provide a solution to swel (et gel
k! ; . . b quant (efen of fnert was Joading prior 1o sutfacing than posnible with the
" - neheduton weflized up (o this podnt,  This (nvolved wbuet ftat ton of o 95%He-
o SI07 minlure for the $0XHu=10702 mixtury previounly unml wiile on bottum and
s ol e " foliowling the wwhe preswute prod e to getwrate Bighet tiunay Lanuion lvwels
5o " | l I the wlowent bodddy tlesue badt=Uhoe compartment, Thiw invelyed wome com-
a ATh | -4 paralively wmall vielat lonn of computer wwavsnud wufe 1imite during the water
. T l] docomprend Lon pliduitc  This however would not, secording to paat xperlance,
M o . R olban pradues probloms In "novmal” form ol decomprowsdun providing wuch vio-
- T Pations were ot repested vithin the wame tlosue copparimenl durlng Lhe
deconprenslon.  Accorliugly, two subjocta wern exposul to thia profile which
[T} xs_ ,‘i . 'l‘ - L oo II . I%” ("~ o Tontlbud 0 the ame tExwue tennfans apon arrival st suriace prousure fur the
iy g Sombnute purface Thtetval an hald voaltad (o tho expostite in whileh the wibjoctn
) Saturation  Pressute, P {ATA) terminated the wnter doconpreskion phane &t the point merked "¢ o Clgutre 92,

o

Flay o Dogglarsdaterminmg decomptons ton olekhorn Chi osniold hanod on the
debes v ton al Yahous gan emball in (he doy al weekly uxponvien,  S4ned A aml B
abe che bo bbb e pegrenssan Tinea for Uhe tat al the Jepuat areld st

OKp gt en, boaportively, Lo o8 e averaged cr i eal redue tion pesnaie
Pl humann aceording Lo Yount (AVIAL, Space EhWitol, Mol BUdd, 1009,
Sothd cirelin raptogent e bub bl dnd opon i el Bt ate detoect fon ot
tubravancuiar bubblow dur g doermprengton,

Ok wubfuel Wi aRymptondt o dur ing the surtace inturval.  The ot
Aubfoet experfonewd sevare pudn (0 both knwew afler thrae minutes ot surdsey
prewnure which vas relleved during recompresuion te 70 FEW,  Both subjects
were dueompreaned {n aecordunce with the vomputer genveated proflle.  Ho furthel
HYMPLAMK U FRCUTFEIRCS O Aymptumn were reporied ofthetr during the ducumpres.
mlog or pont dive period,

The abiibity ul the wublects to withutand the much highee ¢ lawus Lonnilon
tevelw on arrival st wuelace provsute bor surisce futervalds of 7 to 31 minutes
withiont wny evidinen of aymploms of decompresuion slekness, Leaves 111t
doubl that the wiler doueompression phane var (he primery causy of the decum-
prodnion wivkness in Uhe schadule umploving che 95%H0=%X02 braathing sixture
wbodepthy Nencay 14 woubd appear that CaYthough mueh bigher tiuese tenxdous
fn Uhe slawent hoddly compartiment miy be Welideved by this method, the decon-

| preasion pllor ta the wurface toterval nust be handled with groat care Lo
**** avold (e veourrones ol decowpyasiion wickieas during tho belal ctay at surtnoe
. prewrite I additfon, the waperience of the TERTITE 1 tewtn indleate the
. Waeard with yegard to eluvated Clotie Lo lonn (n the Tanter compatliente 4t
‘ NETERHUMATION 0F SAF] THLAUE TENHTON VALUFD DURTNG THE SDREACE TNTERVAL I8 Ehin point o Howover, slUic propsr manugument of Uhese atean, thy Ltentn show
SURFAGE BRCII Y TON SCUEBILES PR BELIUM: OXYGEN DIVES,  Puler o, Fdub,  Sied Chat msel Wighet Jevels ol Inert pan may e tolerated ty the body in the slow-
Hpaer Hosnareh Company, fne., tnevey, Loulwlana, UBA, o ont tiusue bl -time compartment wvithout $11 wifect, Further, the prustly
fnerenned Toveldw of 1astl gaw upoh «rrival me wea-level prowsurs duriog the
. Although the wafe faurt supeasntuvation Levely for uitropen {6 mun dut bng wurines fnterval, wirangly tndivate that U prlwery Tactol in produeing
W del suriace Intervals I suefaey docomprasaton kir dives have previouuly bean docubprosrive wivknens bu the bubble growth factor ae oppoasd to the degtes ol
determinud by omperical Louta, so egutvaluit enperiments bave bhaon condueted GXCeRE nerl gac Juading beyond Lhe aceupted wate lovels,
tor Jimtbing san tiswue tannious Tollowiing ani jumconygen sxposiren,  Some
segdunce wnpgentud Lho ponsibil ity of st tdiastfon of wach lidehor quant it Jue ol Ak whowity the resudtn Indieate that much hilglier tiwme tonnlon devale can
1t gak Levedy L wlowal Llekie bl fonme compartmuntn Chkn thone 1o current e attagned I the wlowent Livens cospartmont duciog o briet wuriace futvrval
une Inomilitary and commobelal mutFaw decomprenaion ehuwdulen, fn tewts to Than e beveln whilelh are vurrently utiliesd Sh suriuce ducomprasslon proce.
duvetup an vmergeney wirlace ducomproselon Lable Tollowing prollios (nimalat fng duren,  dn o addftion, the Cinal vater stop may by 10 1o 20 Test beluw Lhe
w torsl waturatlon wposere at &0 FWW beeathlon o 93XK2-9%02 wixtuee) fay apvepteg 40 Tont stuge alluwing wignidfeant rwluctlone of In-watet decompias- K
profent TERTITE ), wubjectu were exponed to surtacy fncorvaln of 1, 15, aml &0 sid Cime prlos Lo surtweton, T Vhese tente, this hae rvsudtol in w reduee | N
minuten tn nuccosnive tonts Tulloving Lhe preesire expomure and prior to re- tlon of water deconpression Uime, Trom tm Ingtlud 423 mivutes tn welmdule “A", o)
comprenaton (Bded-t971), The tve dlvers oxponod to s 10 misne wurlice to 250 winutes i the fined weheduleo Thin providus & veduetiun of &0 percont v
interval W Uhe wix divers exposed to a 35 mdonte surface Snterval wire anymp- witur docompress fon time, Ut} falng prewsntly scewpind Dindtn with tegard (o [
tamat fe duting the wur.avw foterval,  Ldkewlsw ote of the twu divers exponed to putmlkpdhle water decamprossish tine or total exposure Uime tur w divet Lo the EEE
W20 mitite warlacy Interval was tven of gtmploms dutdug the mirlace (nlurval wintvr, applivation of thin method can ptovide for practical lucrvanvn o wapos P
periol,  Jlowever, the othue subjoct xpertonced sorlous aynptoms §f dscompron- wute tme ot depthc appllel to prasent uxponuren within Uik Timit 10 sy ba s
b leknens {n the 18th minete of the murisce [neerevalo Jb wan not, however, appdtud e wigniiteantly reduce Lhe waler deconpreswion {ime atd hetes Uhs {ine .
the decomprasnion klckuwen na guch, but vather the nature of the symptome rogqulbed for eXpunure to 8 howt e s Dopement ' i
which vurie nnanl (e fpatod, .
: e vesrated ceposted ey huw bevn supported uoder the oftfes ol Neval .
‘ An sbowh dn Dlgurn #1, all bodIly half-time lwwuy cumpartmonts between b Keaenreh tontract FRODULA=TR-C-0& 7 with Lumln provided by the Haval Kediial L
. avd 40 mipstew (the latter value thought at thal Cime 1o rapresent the wlowent Reswoateh and Buvelupment Commard . k
tlunue Hall-time compartmunt 10 man) were AL an approxdnate wtate of - !
bt dum with the nitrogen purtial ptemacre Of Lhe bieathivg meddum (b8, 2% F5W) AN :
tllated by Che hordzontal Tlowe The {ntersecting 1 ine ahown Workman's N
' vithuen toe alttogen for arcival al sag- lovel prowwure,  Aw »ultu\.m. Linnue com
! partments with halt -t tmes of % to 20 minutee do et invodve vielatione ol )
. deeoptnl Bale eritorl for an Liviel nale peltod of resldioe s at wes Jovel, P K
i Boyond the 20 minute hali-time compartment the dogtae of inott gan loading in ,':“; LA b L
) wxcenn ol the wale Pindt dncreawes with tlssue Tod - Clmey Honew, L sloweyt !;:lm {:mum- l'lw:lru ;‘I‘I":I?:w"'! l|'x::l::l u:m -
4 tlwwun S =t tme campartmontu hiave the greatent Jogree ul uxesss gan heyomd Lhe DINY T ANCPNT §11 IPALY P L i A BAVEEATION ¢ RPOBS
(3 Avenpted uate Limit :m! woubil b antdeipated to he the moxt Limiting ang the B AT AT TR VT A Wz RLIND REATUIN: HEATVR). s
Likwly arein of (uit{e] wymploms of decompreawlon sleknens, The uetusl nysp
Vuma, bowever, were not the chinractor et e "knan benda" assoe [atel it the wet . i
Nlowest timuinn byt vathar ol w bype suwocinted with mich fanter sinwue half- Abe “‘:":I',::::,.'.""" TPHALONL WP ABBIYA) i
Ulme compurtments,  Thin wugn A rauponay mors diractly awwovistal with 1w by
bubbiv growth than for excess Dierl gaw Joading per se,  (F trus, wurface NS UREMAN N YALIY | INITR 0N ABNYAL AT t
docompronnion wehodules, which malotained the Ulumues tonslon of the fantop 0 AURFACY FRRVM 0¥ !
hatt-time compariments within s wpted wafe cvdtoria at the time vhsiein Uhe .
diver 1w uapoand to surfave presaura for & brloef surfoow fnterval, woubil pareit w | kY
murh gruater dnect gan Joading (o the slover tiswue hall-1ibe compartmanis than H
In An ourrent unape for wich schedulos, toldy "
A computer was ueml to constract pressute prol bles 1o which the slowest au| +
Lhwuie cumpat tmenl would control of Limit decompressing gt (oy to Avrival al tae ¢
Pinal water decompresaton atop, wheire, In sb] wchedulen, suffletont onygen vas [T v i
utliiawd o bring the {amter tigaus balf-1lne compartoenis within acospratis N
Himita tor o heier surfave interval. Using thygs protiloes, saperimenin were P S
comfucted, uning & dry toat chambor, L vhich bisan volunteer aubjocts wore i
exponsd to four hour wxposures to 150 PAW hreathing el lum-oxypen wintuinn, At ia :
the end of thin pertod the subiects were derosprssumd i aevordance with the ]
compuler groerated sehsdule to sisulate the vatvr decospress(on phans.  Follow- 1 |y
Log thin they were hrought ta sutfece for & sutface {nterval duration of 5 1o f
1Y winton,  In the caitial anpsrisent tiscue tennlons bn the aluwwst hodily it \
hali-t e Lishue compattmanl were Jinited to vuluew curtently in unm by tonten-
porary methida for art1va) af wea-1svel proenmunre during the suriace litwival, uL' JE T T S T S — e ame de e C A ed e !
The four wihjoctn wmurtace] aftor complating the wntive praflle shown n tig, #7, w 100 L) "o Wy 1y vy L0 i)
Yullowing thin enposire the wubje tn vere tocompronsned to 70 FRW,  On dryival WAE prie tuban 1
At thin premmure the subjervta hraathad onygan fay 10 minut were Lhew awlicherd ] )
to chamber alt wul hrought ta 60 Fed.  The decntproseion wan conplatsd (n soont. | ‘}‘
danve with the compuier gensrate! achedule [n whilch ton subjerta ancondml o -7
auttace 4n 10 P4 aregen hees hing Entwemlitent sl v gen alatutes.  None of !
Pha subiferta waper donowd any wlgnu e uysmpioses of decampresaion wlokoens withet v
durlng or Tollowlog thin expunui e . 2

In auceending wupet (mentn thiewe fsvele vere alovatod In sucrranlve stlapna
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